ArRZO\ - 140675

Robust Summaries for Dibasic Esters Solvents:
Dimethyl Succinate (DMS)

1. Substance Information

1.1. Chemical Name: Dimethyl Succinate
1.2. CAS Registry No: 106-65-0

1.3. Component CAS Nos.: Not Applicable

1.4. Structural Formula:

0
MeO\/\/”\
I MeO
0

1.5. Other Names: Dimethyl butanedioate, dibasic acid ester (dimethyl
succinate), dimethyl ester, mixture with dimethyl
butanedioate, dibasic dimethyl esters of succinic

acid, and DMS.
2. Physical-Chemical Properties
2.1. Melting Point
Value: 19 °C
Decomposition: No Data
Sublimation: No Data
Method: No Data
GLP: No Data
Reliability: Not assignable because limited study
information was available.

Reference: IUCLID. (2000). IUCLID Dataset.

European Chemicals Bureau, European
Commission. Datasheet for dibasic esters,
2/18/00 [Subsequently referenced as
TUCLID (2000)].

Additional References for Melting Point:

Dupont Co. (2001). Material Safety Datasheet DU000081 for DBE-4 (dimethyl
succinate, DMS).

HSDB. (2001). Hazardous Substances Data Bank (HSDB/5370)




2.2. Bailing Point
Vdue
Decompoadition:
Pressure:
Method:

GLP:

Rdiability:

Reference:

196 °C
No Data
1013 hPa
No Data
No Data

Not assignable because limited study information was
avaladle
IUCLID (2000)

Additional Referencesfor Boiling Point:
Dupont Co. (2001). Materia Safety Datasheet DU00O008L for DBE-4 (dimethyl

succinate, DMS).

Merck and Co. (1996). The Merck Index., Merck and Co., Inc., Whitehouse
Station, NJ. (HSDB/5370)

2.3. Density

Vdue
Temperature;
Method:
GLP:
Rdiability:

Reference:

1.11 g/ent

25°C

No Data

No Data

Not assignable because limited study information was
avalable

IUCLID (2000)

Additional Referencesfor Density:
Dupont Co. (2001). Materid Safety Datasheet DU0O00081 for DBE-4 (dimethyl

succinate, DMS).

Merck and Co. (1996). The Merck Index., Merck and Co., Inc., Whitehouse
Station, NJ. (HSDB/5370)

2.4. Vapor Pressure

Vdue
Temperature;
Decomposition:
Method:

GLP:
Reidhility:

Reference:

0.03 hPa

20°C

No Data

No Data

No Data

Not assignable because limited study information was
avalable

IUCLID (2000)



Additional Referencesfor Vapor Pressure:

Dupont Co. (2001). Materia Safety Datasheet DUOO0O8L for DBE-4 (dimethyl
succinate, DMS).

2.5. Partition Coefficient (log K ow)

Vdue

Temperature:
Rdiability

Reference:

0.19 (measured)

25°C

Not assgnable because limited study information was
avaladle

IUCLID (2000)

Additional Referencesfor Partition Coefficient:

Dupont Co. (2001). Materid Safety Datasheet DU0O00081 for DBE-4 (dimethyl
succinate, DMS).

Hansch, C. et al. (1995). Exploring QSAR. Hydrophaobic, Electronic and Steric
Congtants, p. 48, Amer. Chem. Soc., Washington, DC (HSDB/5370).

2.6. Water Solubility

Vdue
Temperature;
pH/PKa
Method:
GLP:
Rdiability:

Reference

pH 4-5

131 gL
25°C

No Data

No Data

Not assgnable because limited study information was
avaladle

IUCLID (2000)

Additional Referencesfor Water Solubility:

Dupont Co. (2001). Materia Safety Datasheet DUO00081 for DBE-4 (dimethyl
succinate, DMS).

Merck and Co. (1996). The Merck Index., Merck and Co., Inc., Whitehouse
Station, NJ. (HSDB/5370).

2.7. Flash Point

Vdue
Method:
GLP:
Rdidhility:

Reference:

94°C

Tag Closed Cup

No

Not assgnable because limited study information was
avalable

Dupont Co. (2001). Materia Safety Data Sheet DU000150



Additional Referencesfor Flash Poaint:
IUCLID (2000)

3. Environmental Fate

3.1. Photodegradation

3.3. Trangport (Fugacity)

Type: Photodegradation in Air

Indirect Photolyss: No Data

Sengtizer: OH

Concentration 1,500,000 molecules/cn?

Rate constant: 4.32 x 10" emPimolecules/sec

Degradation: ca. 50% after 24.8 days

Method: other (caculated)

GLP: No

Rdiahility: Not assignable because limited study information was
avaladle

Reference: I[UCLID (2000)

3.2. Stability in Water

Concentration: No Data

Haf-life No Data

Percent Hydrolyzed:  No Data

Method: No Data

GLP. No Data

Reference: No Data

Rdiahility: No Data

Media: Air, water, soil, and sediment
Didributions: Air 4.67%
Water 48.2%
Soil 47.1%
Sediment 0.0818%
Adsorption
Coefficient: Not applicable
Desorption: Not applicable
Volatility: Not gpplicable
Method: Calculated method based on Mackay’s Leve 111 Fugacity

mode and using Estimations Programs Interface (EPIWIN
v. 3.10)



Data Used:

GLP:
Rdidhility:
Reference

3.4. Biodegradation

Type:
[noculum:
Concentration:
Degradation:
Kinetics:
Method:

GLP:
Rdiahility:
Reference:
Remarks:.

Molecular Weight: 146.14

Henry’s Law Constant: 3.2 x 10”7 am.-n/mole
(cdculated VP/Ws0I)

Vapor Pressure: 0.218 mm Hg (user —entered)

Log Kow: 0.35 (KOWWIN Program).

Soil Koc: 0.918 (calculated by mode!)

No

Estimated va ue based on accepted SAR modd.

SRC and EPA developed models EPIWIN (v. 3.10) which
containsalLeve 11l Fugacity Modd developed by Dr.
Donald MacKay and Co-Workers which isdetaled in:

Mackay, D. (1991). Multimedia Environmentd Moddls the
Fugacity Approach. pp 67-183, Lewis Publishers, CRC
Press.

MacKay, D. et d. (1996) Environ. Toxicol. Chem,
15(9):1618-1626.

MacKay, D. et al. (1996). Environ. Toxicol. Chem,
15(9):1627-1637.

Aerobic

activated dudge, industrid, non-adapted

600 mg/L related to COD (Chemica Oxygen Demand)

> 95% after 3 days

3 hour = 11%

OECD 302 B “Inherent biodegradaility: modified Zahn-
Wellens Test”

Yes

High (Scentificdly defensble or guiddine method, GLP)
IUCLID (2000)

Dimethyl succinate was >95% degraded after three days
and after 10 daysin an aerobic test using activated dudge,
industrial, non adapted. Adsorption at three hours was 11%
and adsorption after one day was 69%.

Additional Referencesfor Biodegradation:

Based upon a group contribution method for predicting the probability and rate of
aerobic biodegradation, dimethyl succinate has been estimated to be highly
biodegraded with compl ete biodegradation occurring over a period of weeks.

Boethling, R.S,, et a. (1994). Environ. Sai. Technol. 28:459-65 (HSDB/5370).
SRC (n.d.) Syracuse Research Corporation (HSDB/5370).




3.5. Bioconcentration

Vdue
Method:
GLP:
Rdiahility:
Reference:
Remarks:

1.1 (caculated)

Regression derived equation (Lyman et a.1990)

No Data

Estimated va ue based on accepted SAR modd.
HSDB/5370

An estimated BCF vaue of 1.1 was calculated for dimethyl
succinate (SRC, n.d. ), using ameasured log Kow of 0.35
(Hansch et d., 1995) and a recommended regression
derived equation (Lyman et d., 1990). According to a
classfication scheme (Franke et d., 1994 ), this BCF value
suggests that bioconcentration in aguatic organismsis low
(SRC, n.d.).

Additional Referencesfor Bioconcentration:
Franke, C. et d. (1994). Chemosphere, 29:1501-14 (HSDB/5021)

Hansch, C. et al. (1995). Exploring QSAR. Hydrophobic, Electronic and Steric
Congtants, p. 48, Amer. Chem. Soc., Washington, DC (HSDB/5021).

SRC (n.d.) Syracuse Research Corporation (HSDB/5021).

4. Ecotoxicity

4.1. Acute Toxicity to Fish

Type:
Species.
Vdue
Method:
Year:
GLP:
Reference:
Rdidhility:

96-h LCsg

Brachydanio rerio

50 — 100 mg/L

OECD 203

1990

No Data

IUCLID (2000)

Not assgnable because limited study information was
available

Additional Referencesfor Bioconcentration:

None Found



Type:
Species.
Vdue

Method:

GLP.
Rdiahility:
Reference:

Type:
Species.
Vdue
Method:

GLP.
Rdiahility:
Reference:

5. Mammalian Toxicity

5.1. Acute Toxicity

Type:
Guiddine:
Species/Strain
Vdue
Method:

4.2. Acute Toxicity to Invertebrates

48-h LC50

Daphnia magna

3317.276 mg/L

Cdculated usng ECOSAR (v. 0.99g) developed for the
EPA by Syracuse Research Center (SRC) (© 2000 US
EPA).

No

Estimated value based on accepted SAR modd.
Meylan,W.M. and P.H. Howard. (1999). User’'s Guide for
the ECOSAR Class Program. Version 0.99e (Mar 1999),
prepared for J. Vincent Nabholz and Gordon Cash, U.S.
Environmenta Protection Agency, Office of Pollution
Prevention and Toxics, Washington, DC; prepared by
Syracuse Research Corporation, Environmental Science
Center, North Syracuse, NY 13212.

4.3. Acute Toxicity to Aquatic Plants

96-h EC50

Green dgee

11.917 mg/L

Calculated usng ECOSAR (v. 0.999) developed for the
EPA by Syracuse Research Center (SRC) US EPA).

No

Estimated va ue based on accepted SAR modd.
Meylan,W.M. and P.H. Howard. (1999). User’s Guide for
the ECOSAR Class Program. Version 0.99e (Mar 1999),
prepared for J. Vincent Nabholz and Gordon Cash, U.S.
Environmenta Protection Agency, Office of Pollution
Prevention and Toxics, Washington, DC; prepared by
Syracuse Research Corporation, Environmenta Science
Center, North Syracuse, NY 13212.

Oral LD50

EPA 40 CFR 798.1175

Sprague Dawley Rats

> 500 mg/kg b. wt. and < 5000 mg/kg b.wit.

DM S was administered asingle dose viaord gavage at two
dose levels (500 and 5000 mg/kg b.wt.) with a 14 day
observation period. Test materid was administered as



GLP:
Test Substance:
Reallts:

Reference:

Rdiahility:
Remarks:

received. 5 femaes and 5 males were used for each dose
level. Necropsies were performed on animasthat died and
that survived to 14 days post-adminigtration.

Yes

99.5% DMS

At 500 and 5,000 mg/kg b.wt. mortality rates were 0/10 and
10710, respectively. The mortalities occurred in the first
day (1, 2, 4, and 6 hours). In the 500 mg/kg treatment level
no abnormadities were found throughout the study. In the
5,000 mg/kg treatment group observations included:
Antemortem lethargy in most animas and moist resin
onefemde. Surviving animds fromthe 500 mg/kg
treatment group showed no macroscopic abnormdities with
the exception of two animas that exhibited changesin the
kidney (dilated rend pelvis, discoloration, tan nodules) and
pale white areas on the spleen (one animal). Necropsies of
dead animals reveded discoloration/edemain the lungs.
Other observationsin single animas were enlarged and
reddened liver, discoloration of kidney or ssomach, and
kidney and urinary tract changes.

Bio/dynamics Inc. (1992). Acute Ord Toxicity in Rats
(DMS, Dimethyl Succinate). Submitted to Monsanto
Company Reference Numbers: 92-6320, BD-92-245,
October 22, 1992.

High (Scientificaly defensble, or guideline method, GLP)
This study was designed as one in a series of

four acute studies conducted with each of

four different dibasic eter test materids:

DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Acute Oral Toxicity:

Rat LD50 = 6892 mg/kg bwt. 1UCLID (2000)
Rat LD50 > 5000 mg/kg bawt. 1UCLID (2000)

Type:
Guiddine:
Species/Strain
Vdue
Method:

Dermal LD50

EPA 40 CFR 798.1100

New Zedland White Rabbits

> 5000 mg/kg b.wt.

DM S was administered a single dose gpplied directly to the
skin over a12 x 14 cm area approximating 10% of the body
surface. Contact with excess materid was maintained for
24 hours and animals were observed for 14 days after



GLP:
Test Substance:
Reallts:

Reference:

Rdiahility:
Remarks:

initiation of dose. A tota of 5 femdesand 5 maeswere
used for this sudy. Test materid was administered as
received.

Yes

99.5% DMS

All animals survived after dermd trestment a 5,000 mg/kg
b. wt. Animas gained weight or remained stable during 14
days post-treatment, with the exception of two animas
which showed dight losses of weight during one of the two
7-day periods. All animaswere free of systemic toxicity
throughout the study and no abnormalities were observed
during post-mortem macroscopic observation. However,
one anima exhibited decreased fecal volume and decreased
food consumption on days 3 and 4 (collar caught in mouth).
Macroscopic examinations revealed no observable
abnormalities with the exception of fibrous white materid
found in the somach of one mae.

Bio/dynamicsInc. (1992). Acute Dermd Toxicity in
Rabbits (DMS, Dimethyl Succinate). Submitted to
Monsanto Company Reference Numbers: 92-6321, BD-92-
245, October 22, 1992.

High (Scientificaly defensble, or guideline method, GLP)
This study was designed as one in a series of

four acute studies conducted with each of

four different dibasic ester test materids

DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Acute Dermal Toxicity:

Rabbit Demal LDso > 5000 mg/kg bwt. 1UCLID (2000)

Type:
Vdue

Type:
Guiddine
Species/Strain
Sex/Number:
Vdue
Method:

GLP:

Acutelnhalation
No Datafound

Primary Dermal Irritation

EPA 40 CFR 798.4470

New Zedland White Rabhits

Six (4 maesand 2 femdes)

Average Dermd Irritation Score (ADIS) was 0.0
DM S was adminigtered to Sx animas (3 femde/3 mae) as
a sngle dose gpplied directly to two 1 x 1 inch areas of skin
on the back and held in place with semi-occlusive dressings
for 4 hours. Animals were observed for subsequent 3 days
and trested areas were observed at 30 minutes and 24, 48,
and 72 hours. Test materid was administered as received.
Yes



Test Substance:
Reallts:

Reference

Rdiahility:
Remarks:

99.5% DMS

The ADIS for DMSis0.0. No irritation was observed
throughout the study. This materia would probably not be
considered to produce dermd irritation as defined in EPA
Guiddines.

Bio/dynamics Inc. (1992). Primary Dermd Irritation Study
in Rabbits (DMS, Dimethyl Succinate). Submitted to
Monsanto Company Reference Numbers: 92-6322, BD-92-
245, October 22, 1992.

High (Scientificdly defensble, or guiddine, GLP)

This study was designed as one in a series of

four acute studies conducted with each of

four different dibasic edter test materids

DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Acute Dermal Irritation:
Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No.154-75.
Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No.299-75.

IUCLID (2000)

Type:
Guiddine:
Species/Strain
Vdue:
Method:

GLP:
Test Substance:
Reaults

Rdliability:

Eyelrritation

EPA 40 CFR 798.4500

New Zedland White Rabbits

DMS produced mild to moderate, transient ocular irritation.
A single ocular adminigtration of DMS (0.1 ml) was
applied to 2 mae and 4 femal e adults rabbits followed by
observationsat 1, 24, 48, 72 hoursand 7 and 10 days. The
observation period continued up to 10 days or until no Sgns
of irritation were present. The cornes, iris and conjunctivae
were observed and lesions were graded. Test material was
adminigtered as received.

Yes

99.5% DMS

DMS produced mild to moderate, transient ocular irritation.
This materid would be considered to produce eye irritation
as defined in the EPA Guiddines. All sx animas

exhibited dight to moderate irritation of the conjunctivae
(redness, chemosis, and discharge). Four animas exhibited
irridia and corneal changes. Cornedl changesincluded
dight dulling or opacity of the corned surface and corned
ulceration (one anima exhibited corned stippling). One of
ax animaswasfree of dl ocular irritation by 24 hours
post-adminigtration and three by 48 and 72 hours with the
remaining two animas free of irritation by day 7.

High (Scientificaly defensble, or guideline method, GLP)

10



Reference:

Remarks:

Bio/dynamics Inc. (1992). Primary Eye Irritation Study in
Rabhits (DMS, Dimethyl Succinate). Submitted to
Monsanto Company Reference Numbers: 92-6319, BD-92-
242, October 22, 1992.

This study was designed as one in a series of

four acute studies conducted with each of

four different dibasic eter test materids

DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Acute Eyelrritation:
Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No.302-75.

IUCLID (2000)

5.2. Repeated Dose Toxicity:

Type:
Guiddine:

Species/Strain:
Sex/Number:
Route of
Adminigration:
Exposure
Period:
Frequency
Of treatment:
Exposure levels.

Methods:

90-day Inhalation

Based on 40CFR799.9346, 799.9380, 799.9620, plus cell
proliferation study.

Raty Crl:CD®(SD)IGSBR

36 males/36 femaes per treatment level

inhdation
90 days

6 hourg/day, 5 days'wk
0 or 400 mg/n® DMS

Groups of mae and female (nulliparous and non- pregnant)
rats were exposed viainhaation to DMS over a 90-day
period. The exposure period was followed by a 1-month
recovery period. Rats were weighed once per week and
clinical sgnswere taken daily. Food consumption was
determined on aweekly bass. Samples for hepatic, lung,
and nasal (levelsll and I11) cdl proliferation (CP) were
collected from rats gpproximately 2 weeks after initiation
of the study and approximately 90 days after sudy
initigtion. A clinica pathology evauation was conducted
on rats gpproximately 45 and 90 days after initiation of the
study. Approximately 90 days after study initiation, rats
desgnated for the clinicd pathology evauation were
sacrificed for pathological examination and evaugtion of
male reproductive endpoints, including spoerm moatility,
gperm number, and sperm morphology. A neurobehaviord
test battery, congsting of functional observationa battery
assessments and motor activity, was conducted prior to test

11



GLP:
Test Substance:
Reaults

substance adminigtration to obtain basdline measurements,
and during test weeks 4, 8, 13, and 18 (recovery). Rats
designated for neuropathologica evauation were sacrificed
goproximately 90 days after sudy initiation and after
approximately 1 month of recovery. The estrous cycle of
female rats was determined for the last 21 days of
exposure. Following 90 days of exposure, blood was
collected viathe tall vein from mae and femae rats and
serum was subjected to hormona analyses. In maerats,
serum luteinizing hormone (LH), follide simulating
hormone (FSH), and testosterone concentrations were
measured. In femae rats, serum estradiol and progesterone
concentrations were measured.

Yes

99.198% DMS

The andyticadly determined overal mean concentration of
DMS in the exposure chambers targeted to 400 mg/nT were
400 mg/nT. The overal mean temperature in each of the
exposure chambers ranged from 21-22°C. The overall
mean relative humidity in each of the exposure chambers
ranged from 35-55%, and the oxygen concentration was
approximately 21 %. The mean chamber airflows ranged
from 320-330 L/min in the 1.4-nT control chambers and
1600-1800 L/min in the 9-n® test chambers.

No concentration-related effects were observed on
mortdity, clinica sgns of toxicity, body weights, body
weight gains, food consumption, food efficiency, clinica
pathology, neurobehavioral endpoints, neuropathology,
gperm moatility or morphology, or estrous cycle.
Compound-related effects were observed in the noses of
mae and female rats exposed to 400 mg/nT DMS for 90
days. These effects consisted primarily of
degeneration/atrophy of the olfactory mucosa of the dorsd
mesetus and of the dorsomedid aspect of the dorsa
endoturbinate. Less commonly, foca respiratory metaplasia
of the olfactory mucosa of the dorsal meatus was also
present. Lesons were minimd to mild in severity.
Degeneration/atrophy of the olfactory mucosa occurred in
recovery animas in the same locetions as was apparent at
the 90-day sacrifice. The lesons were usudly focd and
minimal in severity. Male rats exposed to 400 mg/n® DMS
showed significant increased CP in the liver at day 14
compared to controls. Female rats exposed to 400 mg/nT
DMS had sgnificantly greeter CP in the nose levd 111
relative to controls a day 90. In femaerats, DMS caused a

12



Rdizhility:

Reference:

Remarks:

datidicaly sgnificant decrease in serum estradiol
concentrations (43% of control); serum progesterone
concentrations were not affected. In mae rats, epididymal
sperm counts (per cauda and per gram cauda epididymis)
were ggnificantly increased (153 and 141% of contral,
respectively).

High (Scientificaly defensible, or guiddine method, GLP).
Thisstudy is part of amuch larger sudy that included
DMA and DMG aswell with dose response information for
DMG.

Dupont Co. (2000). Unpublished data, Haskell Laboratory:
MR-13128-1, Dupont-3557.

The NOEL for this study is defined as the highest dose at
which toxicologicaly important effects attributable to the
test substance were not detected. Thus, for this study, the
NOEL isequivaent to the NOEL as defined by the United
States Environmentd Protection Agency (1985) and to the
no- observed- adverse-effect level (NOAEL) as defined by
the European Union (1994).

5.3. Developmental Toxicity
Vdue No Data Found

5.4. Reproductive Toxicity

Type: 90-day

Species/Strain: Raty Crl:CD®(SD)IGSBR
Sex/Number:

Route of

Adminidration: inhaation

Exposure

Period: 90 days

Frequency

Of trestment: 6 hourg/day, 5 days/wk
Exposure levels 0 or 400 mg/nT DMS
Methods: Mae and female rats were exposed viainhaation to O or

400 mg/nT dimethyl succinate (DM S) over a 90-day
period. The exposure period was followed by a one-month
recovery period. Approximately 90 days after study
initiation, ratsin the clinica pathology subgroups were
sacrificed and evauated for sperm moatility, Spoerm number,
and sperm morphology. The estrous cycle of femderats
was determined for the last 21 days of exposure. Hormona
anayses were conducted following 90 days of exposure.

13



GLP:
Test Substance:
Reallts

Rdiahility:
Reference

Serum luteinizing hormone (LH), fallide gimulaing
hormone (FSH), and testosterone concentrations were
mesasured in the male rats and serum ediradiol and
progesterone concentrations were measured in the femde
rats.

Yes

99.198% DMS

No concentrationrelated effects were observed on spern
motility or morphology, or estrous cycle. In femderats,
DMS caused adaidticaly significant decrease in serum
egtradiol concentrations (43% of contral); serum
progesterone concentrations were not affected. In malerats,
epididyma sperm counts (per cauda and per gram cauda
epididymis) were sgnificantly increased (153 and 141% of
control, respectively). Additiona details of this study can
be found in the sub chronic inhaation section (DuPont Co.,
2000).

High (Scientifically defengble, or guiddine method, GLP)
Dupont Co. (2000). Unpublished data, Haskell Laboratory:
MR-13128-1, Dupont-3557.

5.5. Genetic Toxicity in vitro (gene mutations)

Type:

Teder grans.
Exogenous
Metabolic
Activation:
Exposure
Concentrations:
Methods.
GLP:

Test materid:
Results,
Rdiahility:

Reference:
Remarks.

Ames Test
TA 98, TA 100, TA 1535, and TA 1537

With and without

32, 160, 800, 20000 pg/P atte

No Data

No

DMS

Negative

Not assignable because limited study information was
avalable

IUCLID (2000)

All references found reported DM S to be negative for

mutagenicity.

Additional Referencesfor in vitro Genetic Toxicity:

Andersen, P.H. and N.J. Jensen (1984). Food Additive Contam., 1(3):283-288 (J-

7801).

Zeiger, E. et d. (1992). Environ. Mol. Mutagen., 19(Suppl. 21):2-141.

14



5.6. Genetic Toxicity in vivo (chromosomal aberrations)

Type: In vivo Rat Micronuleus Test

Methods: No Data

Reaults: Dimethyl succinate (DMS) was negativein an in vivo
micronucleus test using Fischer rats.

Reference: NTP. (1997). Nationd Toxicology Program, Unpublished
results (C-5143).

6.0 Other Information
6.1 Biochemical/M etabolism Studies

Hepatic mitochondria were used as amode for nasal tissue. DBEs were
found to inhibit mitochondrid ATP synthesis 11 to 27% a 100 uM. The
order of potency was DMA > DMG > DMS and paralleled the Viyax/Km
vauesfor the hydrolyss of the DBEs to their monomethyl esters. Pre-
trestment of the rats with 100 mg/kg of bis-nitrophenyl phosphate for three
days decreased the rate of hydrolysis of the DBES approximately 50% and
protected the mitochondria from DBE-induced inhibition of ATP
gynthesis. These results support the hypothesis that DBE-induced
cytotoxicity results from esterase-mediated hydrolysis to acid metabolites
and interference with intermediary metabolism (Bogdanffy and
Londergan, 1989).

In the study cited above, DBE cytotoxicity was shown to be due to
esterase-mediated activation. In this present study, the putative toxic
monomethyl and diacid metabolites were evdluated in an in vitro nasa
explant syssem. Monomethyl adipate (MMA), glutarate (MMG), and
succinate (MMYS) induced increasesin nasal explant acid phosphatase
release, abiochemica index of their cytotoxicity. Metabolism of MMA
and MMG to their diacids paralleled cytotoxicity. MM S metabolism was
not quantifiable. Pretrestment of rats with a carboxylesterase inhibitor
reduced cytotoxicity and metabolism of MMA and MMG, but not
cytotoxicity of MMS. It is concluded that both monomethyl ester and
diacid metabolites of DBE are cytotoxic. The contribution of each to
cytotoxicity in vivo may depend on thelr rate of formation during exposure
(Bogdanffy et d., 1991a; Trelaand Bogdanffy, 1991b).

The kinetic parameters Vimax, Km, Kg, and V/K were measured for the
hydrolyss of the dibasic estersin the target nasal tissue, olfactory mucosg,
and non-target tissue, respiratory mucosa. It was determined under the
conditions of these experiments, diacid metabolites were not formed.
Edterase activity was inhibited by pretrestment with bis-nitrophenyl
phosphate. V max values for the three dibasic esters were 5- to 13-fold
gregter in olfactory mucosa than respiratory mucosafor mae and femde

15



rats. V /K values were 4- to 11-fold greater in olfactory mucosa than
respiratory mucosafor mae and femalerats. V/K was smilar between
male and female olfactory mucosa when DM G was used as the subgirate,
With DMS or DMA asthe substrate, V/K for female olfactory tissue was
0.5- or 2-fold that of maes, respectively. Differencesin V/K were mainly
due to decreases in Ky, associated with increasing carbon chain length.
Substrate inhibition was observed at DBE concentrations greater than
goproximately 25 mM, which are unlikely to be achieved in vivo. These
results lend further support to the hypothess that organic acid
accumulation in the target tissue, olfactory mucosa, plays asignificant role
in the pathogenesis of DBE-induced nasal lesions (Bogdanffy et d.,
1991b).

Since femde rats appear to be more sensitive to DBE-induced olfactory
toxicity than males, it was of interest to measure the rate of hydrolysis of
DBEsin mde and femae nasd mucosa homogenates and compare these
vaues to those derived from human nasd tissue obtained at autopsy. For
both male and femaerats, Vimax/Km vaues followed the order DMA >
DMG > DMS pardlding carbon chain length. The Vinax/Km vaues for
femae olfactory mucosausing DMA or DMS as subgirates were two
times or one-hdf the vaues for mae olfactory mucosa, respectively.
Hydrolysis of DBEs was detectable in only three of Sx human samples.
Activity vaues that were measurable were two or three orders of
magnitude lower than that of rat respiratory or olfactory mucosa,
respectively. These data suggest the rate of conversion of DBEs to acid
metabolites in nasdl tissueis less ggnificant in humans then in rats, and
that the rat may be more sengtive than man to the effects of DBEs on
nasd mucosa (Kee et al., 1989).

The enzymatic esterase activity of carboxylesterasesisintegrd to the nasd
toxicity of many esters, including DMG, DMS, and DMA.. Inhdation of
these esters specificaly damages the olfactory mucosa of rodents. In this
study, the locdization differentia distribution of a59 KD carboxylesterase
was demondrated in the nasd tissues of the rat by immunochemistry
.Rabbit antiserum against the 59 KD rat liver microsomal carboxylesterase
bound most prominently to the olfactory mucosa when applied to
decdcified, paraffin-embedded sections of rat nasa turbinates. Within the
olfactory mucosa, anti- carboxylesterase did not bind to sensory neurons,
the target cdll for ester-initiated toxicity; these cells gpparently lack
carboxylesterase. Instead, the antibody was preferentidly bound by cells
of Bowman's glands and sustentacular epithelid cdlsthat are immediately
adjacent to the olfactory nerve cdlls. In contrast, non-olfactory tissues
(respiratory mucosa and squamous epithelium) which are more resistant to
the toxicity of esters, had less carboxylesterase content (Olson et d.,
1993).

Anin vitro sysem was utilized to determine if DBE toxicity is dependent
on metabolic activation by carboxylesterase. Explants from the olfactory
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and respiratory regions of therat nasd cavity were incubated in amedium
containing 10-100 mM of the dimethyl esters of adipic-, glutaric-, and
succinic acids. DBE caused a dose-rdated increase in nasa explant acid
phosphatase release, a biochemical index of cytotoxicity. A pardld
increase in carboxylesterase- mediated monomethyl ester (MME)
formation was seen. In addition, MME concentrations and acid
phosphatase rel ease were generdly higher in olfactory than respiratory
tissues. DME-induced cytotoxicity and MME formation were markedly
reduced in nasal tissue excised from rats treated with a carboxylesterase
inhibitor, bisnitrophenyl phosphate (Trela and Bogdanffy, 1990; 1991a).

The kinetic constants were determined for carboxylesterase-mediated
hydrolysis of DBEs and correlated with leson formation. No diacid
metabolites were found. V max vaues for the formation of MMS, MMG,
and MMA were gpproximately 8- to 10-timeslarger in olfactory mucosa
than in respiratory mucosa. V/K vauesfor the formation of MMG and
MMA were gpproximately 9- and 10-times larger in olfactory mucosa than
respiratory mucosa. For the formation of MMS, V/K was approximately 2
timeslarger in respiratory mucosa than olfactory mucosa (Petterson et d.,
1988).

To determine the biochemica mechanism for the toxic effect of DBE on
rat nasdl olfactory mucosa, an in vitro study was conducted with rat and
human nasdl tissue. This study demonstrated that the nasal tissue toxicity
of DBE isrdaed to enzymatic hydrolyss of DBE within the nesal cavity
to form the corresponding monomethyl ester. Additiondly, it was found
that human nasal tissue hydrolyzes DBE at 1/100 to 1/1000 the rate of rat
nasal tissue. For thisreason, the nasdl tissue of humansislikely to be at
greatly reduced risk of DBE toxicity compared to rats (Bogdanffy and
Frame, 1994).

References: Bogdanffy, M. S. and T. Londergan (1989). The
Toxicologigt, 9(1):249 (Abstract 996).

Bogdanffy, M. S. et d. (1991a). The Toxicologig,
11(1):182 (Abstract 664).

Bogdanffy, M. S. et d. (1991b). Drug Metab. Dispos. Biol.

Fate Chem., 19(1):124-129.

Bogdanffy, M. S. and S. R. Frame (1994).
Inhaation Toxicology, 6(Supplement):205-:
(NIOSH/00224297) (as cited in Dupont Co.
(1995). AEL Documentation, October 4..

Kee, C. R. et d. (1989). The Toxicologigt, 9(1):284
(Abstract 1139).
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Olson, M. J. et al. (1993). J. Histochem. Cytochem.,
41(2):307-311(BI0OSI §/93/13203).

Patterson, C. A. et . (1988). The Toxicologist, 8(1):6
(Abstract 22).

Trela, B. A. and M. S. Bogdanffy (1990). The Toxicologis,
10(1):261 (Abstract 1044).
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Robust Summariesfor Dibasic Ester Solvents:
Dimethyl Glutarate (DM G)

1. Subgtancelnformation

1.1. Chemical Name: Dimethyl Gluterate
1.2. CAS Registry No: 1119-40-0

1.3. Component CAS Nos.: Not Applicable

Neweo
| I

@) @)
1.5. Other Names: Dibasic acid ester (dimethyl gluterate), DBE-5,
dimethyl pentanedioate, dibasic dimethyl esters of
glutaric acid, methyl gluterate, and DMG.

1.4. Structural Formula:

2. Physical-Chemical Properties

2.1. Mdting Paint

Vdue -37°C

Decompodtion: No Data

Sublimation: No Data

Method: No Data

GLP: No Data

Rdiability: Not assignable because limited study information was
avalable

Reference: Dupont Co. (2001). Materia Safety Data Sheet DU000150

Additional Referencesfor Melting Point:

I[UCLID (2000). IUCLID Dataset. European Chemicas Bureau, European
Commission. Datasheset for dimethyl gluterate, 2/18/00 [ Subsequently referenced
asIUCLID (2000)]

HSDB (2001). Hazardous Substances Data Bank (HSDB/5789)

The Merck Index (1976). Sth ed., p. 579, Merck & Co., Inc., Rahway, NJ
(HSDB/5789).

Weast, R. C. (1979). CRC Handbook of Chemistry and Physics, 60th ed., p. C-
415, CRC Press, Inc., Boca Raton, FL. (HSDB/5789).




2.2. Bailing Point

Vdue
Decompoadition:
Pressure:
Method:

GLP:

Rdiability:

Reference:

213.5-214°C
No Data

752 mm Hg
No Data

No Data

Not assignable because limited study information was
avalable

Dupont Co. (2001). Material Safety Data Sheet DU000150

Additional Referencesfor Boiling Point:

|UCLID (2000)

The Merck Index (1976). Sth ed., p. 579, Merck & Co., Inc., Rahway, NJ

(HSDB/5789).

2.3. Density
Vdue
Temperature;
Method:
GLP:
Rdiability:

Reference:

1.0876 g/cm®

20°C

No Data

No Data

Not assignable because limited study information was
avaladle

Dupont Co. (2001). Materia Safety Data Sheet DU000150

Additional Referencesfor Density:

|UCLID (2000)

Weast, R. C. (1979). CRC Handbook of Chemistry and Physics, 60th ed., p. C-
415, CRC Press, Inc., Boca Raton, FL. (HSDB/5789).

2.4. Vapor Pressure

Vdue
Temperature:
Decomposition:
Method:

GLP:
Reidhility:

Reference:

0.7mmHg

20°C

No Data

No Data

No Data

Not assignable because limited study information was
avalable

Dupont Co. (2001). Material Safety Data Sheet DU000150

Additional Referencesfor Vapor Pressure:

|UCLID (2000)



2.5. Partition Coefficient (log K ow)

Vdue
Method:

GLP.
Rdiahility:
Reference

2.6. Water Solubility

Vdue
Temperature;
pH/Pka:
Method:
GLP:
Rdiahility:

Reference

Log Kow 0.62 (cd culated)

Calculated usng KOWWIN mode (v. 1.66) in EPIWIN (v.
3.10) using experimenta procedures  of Hansch and
Hoekman (1995).

No

Estimated va ue based on accepted SAR mode.
KOWWIN mode (v. 1.66) in EPI (v. 3.10) Prepared by
Syracuse Research Center (SRC) for J. Vincent Nabholz
and Gordon Cash, U.S. Environmenta Protection Agency,
Office of Pollution Prevention and Toxics, Washington,

DC; prepared by Syracuse Research Corporation,
Environmenta Science Center, North Syracuse, NY 13212
(© 2000 USEPA).

Hansch, C., A. Leo, D. Hoekman (1995). Exploring QSAR-
Hydrophobic, Electronic, and Steric Congtants.
Washington, D.C., American Chemica Society

4.3 wt%

20°C

No Data

No Data

No Data

Not assgnable because limited study information was
avalable

Dupont Co. (2001). Materia Safety Data Sheet DU000150

Additional Referencesfor Water Solubility:

|UCLID (2000)

Weast, R. C. (1979). CRC Handbook of Chemistry and Physics, 60th ed., p. C-
415, CRC Press, Inc., Boca Raton, FL. (HSDB/5789).

2.7. Flashpoint

Vdue
Method:
GLP:
Reidhility:

Reference:

100°C

Tag Closed Cup

No

Not assignable because limited study information was
avalable

Dupont Co. (2001). Materia Safety Data Sheet DU000150



3. Environmental Fate

31

3.2.

3.3. Trangport (Fugacity)

. Photodegradation

Concentration:
Temperature:
Direct Photolyss:
Indirect Photolysis
Breakdown
Products:

Method:

GLP:

Reidhility:
Reference:

Stability in Water
Concentration:
Hdf-life

Percent Hydrolyzed:

Method:
GLP:
Rdiahility:
Reference:

Media:
Digributions:

Adsorption
Coefficient:
Desorption:
Voldility:
Method:

Data Used:

No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data
No Data
No Data

Air, water, soil, and sediment

Air 6.25%
Water 51.1%
Sol 42.6%
Sediment 0.0882%
Not applicable

Not applicable

Not applicable

Calculated method based on Mackay’s Level 111 Fugacity
mode and using Estimations Programs Interface (EPIWIN
v. 3.10)

Molecular Weight: 160.17
Henry’s Law Congtant:  3.43 x 10°® am.-n?/mole
(calculated VPWSs0I)

Vapor Pressure;
Log Kow:

0.7 mm Hg (user —entered)
0.62 (KOWWIN Program).



GLP.
Rdighility:
Reference:

3.4. Biodegradation
Type:
Guiddine

Method:

GLP:
Reliability:

Reference

Soil Kaoc: 1.71 (caculated by model)

No

Estimated va ue based on accepted SAR modd.

SRC and EPA developed models EPIWIN (v. 3.10) which
contains aLevd 11l Fugacity Modd developed by Dr.
Donad MacKay and Co-Workerswhich is detalled in:

Mackay, D. (1991). Multimedia Environmenta Models. the
Fugacity Approach pp 67-183, Lewis Publishers, CRC

Press.

MacKay, D. et a. (1996) Environ. Toxicol. Chem,,
15(9):1618-1626.

MacKay, D. et al. (1996). Environ. Toxicol. Chem,
15(9):1627-1637.

Ready Biodegradability

OECD Guideline 301 C - Ready Biodegradahility:
Modified MITI Test (1.

DMG was 98% degraded after 28 days in an aerobic test
using activated dudge, non-adapted, asthe inoculum. A
concentration of 100 mg/L related to the test substance was
used. DMG was readily biodegradable in thistest. The
BOD/COD ratiosfor 5, 10, 15, 20, and 28 days were 44,
55, 64, 69, and 75%.

No

Not assgnable because limited study information was
avalable

IUCLID 2000)

Additional Referencesfor Biodegradation:
Rhone Poulenc (1990). Unpublished data (cited IUCLID 2000).

3.5. Bioconcentration
Vdue
Method:
GLP.
Rdighility:
Reference:

BCF of 3.162 (Log BCF of 0.5) (calculated)

Calculated usng BCF Modd (v. 2.14) in EPIWIN (v. 3.10)
No

Estimated val ue based on accepted SAR modd.

EPIWIN (v. 3.10) Prepared by Syracuse Research Center
(SRC) for J. Vincent Nabholz and Gordon Cash, U.S.
Environmenta Protection Agency, Office of Pollution
Prevention and Toxics, Washington, DC; prepared by



4. Ecotoxicity

Type:
Species.
Vdue
Method:

Test Substance:

GLP;
Rdiability:
Reference:

Type:
Species:.

Syracuse Research Corporation, Environmental Science
Center, North Syracuse, NY 13212 (© 2000 US EPA).

4.1. Acute Toxicity to Fish

96-h LCsg

Lepomis macrochirus (Bluegill Sunfigh)

30.9 mg/L

A datic method with dl glass chambers was used to treet

10 bluegill per chamber at nomina concentrations (See
Table 4.1(a) below). Temperature was maintained a 20°C
(£ 0.2) and pH and dissolved oxygen were monitored. Nine
exposure concentrations (range from 20 to 50 mg/L,
nomina), a control, and a solvent control were used. The
LCso was esimated using Finney (1952).

Nomina | Observed pH Disolved
Conc. Mortality Oxygen
(mg/L) % Initid | Find Iniid | Find
50 100 7.3 7.0 8.2 6.5
40 100 7.2 6.5 8.1 1.2
37.5 100 7.3 6.4 8.1 15
35 90 7.1 6.6 8.2 0.8
32.5 40 7.3 6.4 8.2 1.3
30 80 7.2 6.6 8.2 0.6
27.5 10 7.3 6.5 8.2 1.3
25 10 7.3 6.7 8.2 15
20 20 7.2 6.7 8.1 15
control 0 7.4 6.8 8.2 3.8
Acetone 0 7.0 6.7 8.1 1.7
control
98% DMG
No

Moderate (Scientificaly defensble, non-GLP)

Dupont Co. (1976). Unpublished data, Haskell Laboratory
Report No. 679-76.

4.2. Acute Toxicity to Invertebrates

48-h LC50
Daphnia

na




Vdue
Method:

GLP.
Rdidhility:
Reference

Type:
Species.
Vdue
Method:

GLP.
Rdiahility:
Reference:

5. Mammalian Toxicity

5.1. Acute Toxicity

Type:
Guiddine:
Species/Strain
Vdue
Method:

1,275 mg/L

Calculated usng ECOSAR (v. 0.99g) developed for the
EPA by Syracuse Research Center (SRC) (© 2000 US
EPA).

No

Estimated va ue based on accepted SAR modd.
Meylan,W.M. and P.H. Howard. (1999). User’s Guide for
the ECOSAR Class Program. Version 0.99e (Mar 1999),
prepared for J. Vincent Nabholz and Gordon Cash, U.S.
Environmenta Protection Agency, Office of Pollution
Prevention and Toxics, Washington, DC; prepared by
Syracuse Research Corporation, Environmental Science
Center, North Syracuse, NY 13212.

4.3. Acute Toxicity to Aquatic Plants

96-h EC50

Green dgee

7.186 mg/L

Calculated usng ECOSAR (v. 0.999) developed for the
EPA by Syracuse Research Center (SRC) USEPA).

No

Estimated value based on accepted SAR modd.
Meylan,W.M. and P.H. Howard. (1999). User’s Guide for
the ECOSAR Class Program. Version 0.99e (Mar 1999),
prepared for J. Vincent Nabholz and Gordon Cash, U.S.
Environmenta Protection Agency, Office of Pollution
Prevention and Toxics, Washington, DC; prepared by
Syracuse Research Corporation, Environmenta Science
Center, North Syracuse, NY 13212.

Oral LD50

EPA (40 CFR) 798.1175

Sprague Dawley Rats

> 5000 mg/kg b. wt.

DMG was administered asingle dose viaord gavage a
5000 mg/kg b.wt. with a 14 day observation period. Test
materia was administered asreceived. 5 femaesand 5
males were used for each dose level. Necropsies were
performed on animals that died and that survived to 14 days
post-adminigtration.



GLP:
Test Substance:
Reallts

Rdiability:
Reference:

Remarks:

Y

99.5% DMG

At 5,000 mg/kg b.wt. dl animals survived to 14 days. Two
animals exhibited moistened raes on the day of gpplication
and otherwise, surviving animas showed no abnormdlities.
All animaskilled on day 14 were free of abnormdities

with the exception of two animas that exhibited changesin
the lungs (discoloration) or kidneys (dilated rend pelvis).
High (Scientificdly defengible or guiddine method, GLP)
Bio/dynamics Inc. (1992). Acute Ora Toxicity in Rats (DMG,
Dimethyl Gluterate). Submitted to Monsanto Company
Reference Numbers. 92-6324, BD-92-244, September 30, 1992.
This study was designed as one in a series of four acute
Studies conducted with each of four different dibasic ester
test materids DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Acute Oral Toxicity:
Dupont Co. (19754). Unpublished data, Haskell Laboratory Report No. 33-75.

Type:
Guiddine:
Species/Strain
Vdue
Method:

GLP:
Test Substance:
Reaults:

Rdiahility:
Reference

Dermal LD50

EPA (40 CFR) 798.1100

New Zedland White Rabhits

> 5000 mg/kg b. wt.

DMG was administered a single dose applied directly to the
skin over a 12 x 14 cm area approximating 10% of the body
surface. Contact with excess materid was maintained for
24 hours and animals were observed for 14 days after
initiation of dose. A tota of 5 femdesand 5 maleswere
used for this study. Test materid was administered as
received.

Y

99.5% DMG

All animds survived after dermd treatment a 5,000 mg/kg
b. wt. Animas gained weight during 7 days post-treatment,
but al animalslogt weight or remained stable from day 7 to
14 post-trestment. All animals were free of sysemic
toxicity throughout the study, but three animas exhibited
moderate lacrimation and clear nasal discharge. No
abnormdlities were observed during post-mortem
macroscopic observation with the exception of amissng
kidney in one anima and dilated ventricles of the brain
filled with dear fluid in one animdl.

High (Scientificdly defensible or guiddine method, GLP)
Bio/dynamicsInc. (1992). Acute Derma Toxicity in
Rabbits (DM G, Dimethyl Gluterate). Submitted to



Remarks:

Monsanto Company Reference Numbers: 92-6325, BD-92-
244, September 30, 1992.

This sudy was designed as one in a series of four acute
studies conducted with each of four different dibasic ester
test materids. DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Acute Dermal Toxicity:
Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No. 155-75.
Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No. 300-75.

Type:
Guiddine:
Species/Strain
Vdue
Method:

GLP:
Test Substance:
Reaults

Rdiahility:
Reference:

Remarks;

Primary Dermal Irritation

EPA (40 CFR) 798.4470

New Zedland White Rabhits

Average Dermd Irritation Score (ADIS) was 0.0

DME was adminigtered to Six animas (3 femae/3 mae) as
asingle dose gpplied directly to two 1 x 1 inch areas of skin
on the back and held in place with semi-occlusive dressings
for 4 hours. Animals were observed for subsequent 3 days
and trested areas were observed at 30 minutes and 24, 48,
and 72 hours. Test materia was administered as received.
Yes

99.5% DMG

The ADISfor DMG is0.0. No irritation was observed
throughout the study. This materid would not be
considered to produce dermd irritation as defined in EPA
Guiddines.

High (Scientifically defensible or guiddine method, GLP)
Bio/dynamics Inc. (1992). Primary Dermd Irritation Study
in Rabbits (DMG, Dimethyl Gluterate). Submitted to
Monsanto Company Reference Numbers: 92-6326, BD-92-
244, September 30, 1992.

This sudy was designed as one in a series of four acute
studies conducted with each of four different dibasic ester
test materids. DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Acute Dermal Irritation: None found

Type:
Guiddine:
SpeciedStrain:
Vdue

Eyelrritation

EPA (40 CFR) 798.4500

New Zedand White Rabbits

DMG produced mild to moderate, transent ocular
irritation.



Method:

GLP:

Test Substance:

Reaults

Rdiability:
Reference:

Remarks:

A sngle ocular adminigtration of DMG (0.1 ml) was
gpplied to 3 made and 3 female adults rabbits followed by
observations at 1, 24, 48, 72 hoursand 7 and 10 days. The
observation period continued up to 10 days or until no Sgns
of irritation were present. The cornes, iris and conjunctivae
were observed and lesions were graded. Test material was
administered as received.

Y

99.5% DMG

DMG produced mild to moderate, transient ocular

irritation. This materia would be considered to produce eye
irritation as defined in the EPA Guiddines. All 9x animas
exhibited dight to moderate irritation of the conjunctivee
(redness, chemosis, and discharge) and three exhibited
corned opacity or dight dulling of the corned surface, four
had corned ulceration, and two had iridid changes. Four

of ax animaswere free of dl ocular irritation by 48 or 72
hours, with the remaining two animas free of irritation by
Day 7.

High (Scientificdly defensible or guiddine method, GLP)
Bio/dynamics Inc. (1992). Primary Eye Irritation Study in
Rabbits (DM G, Dimethyl Gluterate). Submitted to
Monsanto Company Reference Numbers: 92-6327, BD-92-
244, September 30, 1992.

This study was designed as one in a series of four acute
studies conducted with each of four different dibasic ester
test materids. DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Acute Eyelrritation:
Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No. 302-75.

5.2. Repeated Dose:

Type:
Guiddine

SpeciesStrain:

Sex/Number:
Route of

Adminidration:

Exposure
Period:
Frequency of
Treatment:
Exposure
Levds

90-day Inhalation

Based on 40CFR799.9346, 799.9380, 799.9620, plus cell
proliferation study.

Rats/Crl:CD®(SD)IGSBR

36 mae/36 femde per treatment level

Inhalation

90-days

6 hours/day, 5 days'wk

0, 10, 50, or 400 mg/nT dimethyl glutarate (DMG)

10



Method:

GLP:
Test Substance:
Reaults

Groups of made and femae (nulliparous and non-pregnant)
rats were exposed viainhdation to 0, 10, 50, or 400 mg/nT
DMG over a90-day period. The exposure period was
followed by a 1-month recovery period. Rats were weighed
once per week and clinical Sgns were taken daly. Food
consumption was determined on aweekly basis. Samples
for hepatic, lung, and nasal (levels il and 1) cdll
proliferation (CP) were collected from rats gpproximately 2
weeks after initiation of the study and approximately 90
days after sudy initiation. A dlinicd pathology evaueation
was conducted on rats approximately 45 and 90 days after
initiation of the study. Approximately 90 days after sSudy
initiation, rats designated for the dlinical pathology
evauation were sacrificed for pathologica examination and
evauation of mae reproductive endpoints, including sperm
motility, oerm number, and sperm morphology. A
neurobehaviora test battery, consisting of functiona
observationd battery assessments and motor activity, was
conducted prior to test substance administration to obtain
basdline measurements, and during test weeks 4, 8, 13, and
18 (recovery). Rats designated for neuropathological
evauation were sacrificed gpproximately 90 days after
Sudy initiation and after gpproximately 1 month of

recovery. The estrous cycle of female rats was determined
for the last 21 days of exposure. Following 90 days of
exposure, blood was collected viathe tall vein from mae
and femae rats and serum was subjected to hormonal
andyses. In mde rats, serum luteinizing hormone (LH),
fallicle simulating hormone (FSH), and testosterone
concentrations were measured. In female rats, serum
edtradiol and progesterone concentrations were measured.
Yes

99.61% DMG

The anayticaly determined overadl mean concentrations of
DMG in the exposure chambers targeted to 10, 50 or 400
mg/nT were 10, 49 and 410 mg/n?, respectively. The
overal mean temperature in each of the exposure chambers
ranged from 21-22°C. The overd|l mean rdaive humidity

in each of the exposure chambers ranged from 35-55%, and
the oxygen concentration was gpproximately 21 %. The
mean chamber airflows ranged from 320-330 L/min in the
1.4-nT control chambers and 1600-1800 L/min in the 9-nT*
test chambers.

No compound-related effects were observed on mortality,
clinical sgns of toxicity, clinica pathology,

11



neurobehaviora endpoints, neuropathology, sperm motility
or morphology, or estrous cycle.

Male rats exposed to 400 mg/m? DMG had lower mean
body weights and mean body weight gains during the
gudy. In addition, male and femde rats exposed to 400
mg/nT DMG had lower food consumption.

Compound-related effects were observed in the noses of
male and female rats exposed to 400 mg/n? of DMG for 90
days. These effects conssted primarily of
degeneration/atrophy of the olfactory mucosa of the dorsa
mesetus and of the dorsomedia aspect of the dorsal
endoturbinate. Less commonly, foca respiratory metaplasa
of the olfactory mucosa of the dorsal meatus was dso
present. Lesions were minima to mild in severity, did not
occur below the 400 mg/nT exposure level and occurred in
higher incidences in the DM G group. Degeneration/atrophy
of the olfactory mucosa occurred in recovery animasin the
same locations as was apparent at the 90-day sacrificein
animas exposed to DMG. The lesions were usudly focd
and minima in severity.

Male rats exposed to 400 mg/n DMG had significantly
greater CPin the noselevd 111 a day 90. CPin the nose
level 111 of female rats exposed to 400 mg/nT DMG was
sgnificantly greater than controls on day 14. Femderats
exposed at 400 mg/m® DMS had significantly grester CPin
the nose level 111 compared to controls on day 90.

In male rats exposed to DM G, serum testosterone
concentrations were satigticaly significantly decreased at
concentrations of 50 and 400 mg/nt (59 and 50% of
control, respectively). Smilarly, serum LH concentrations
were decreased in a dose-dependent manner and were
satigticaly significantly decreased at 400 mg/n™ (71% of
control). Serum concentrations of FSH were not affected by
DMG treatment. In femae rats, DMG exposure did not
ater serum estradiol or progesterone concentrations.

There was a treatment-related increase in epididyma sperm
counts (per cauda epididymis and per gram cauda
epididymis) following exposure to DMG and the number of
sperm per cauda and per gram cauda epididymis was
significantly increased at 50 and 400 mg/nt (124-131% of
control). Epididymal sperm counts were smilar to control

at 10 mg/m® DMG. Under the conditions of this study, the
no-observed-effect level (NOEL) for repeated exposure to

12



DMG was 10 mg/n?, based on the decreases in serum
testosterone and serum LH concentrations and increased
epididymal sperm counts at concentrations of 50 mg/nT
and above.

Rdidhility: High (Scientificaly defensble or guideline method, GLP)

Reference: Dupont Co. (2000). Unpublished data, Haskell Laboratory:
MR-13128-1, Dupont-3557.

Remarks. The NOEL for this study is defined as the highest dose at

which toxicologically important effects attributable to the
test substance were not detected. Thus, for this study, the
NOEL is equivaent to the NOEL as defined by the United
States Environmenta Protection Agency (1985) and to the
no-observed- adverse-effect level (NOAEL ) as defined by
the European Union (1994).

5.3. Developmental Toxicity

No information was found

5.4. Reproductive Toxicity

Type: 90-day

Guiddine: Based on 40CFR799.9346 and 799.9380
Species/Strain: Rats Crl:CD@(SD)IGSBR

Sex/Number: 36 male/36 femad e per treatment level

Route of

Adminigration: inhdation

Exposure

Period: 90 days

Frequency

Of trestment: 6 hours/day, 5 days/wk

Exposure levels 0 or 400 mg/n® DMG

Methods: Mae and female rats were exposed viainhaation to 0, 10,

50, or 400 mg/nt dimethyl glutarate (DMG) over a 90-day
period. The exposure period was followed by a one-month
recovery period. Approximately 90 days after study
initigtion, ratsin the clinica pathology subgroups were
sacrificed and evauated for sperm moatility, Soerm number,
and sperm morphology. The estrous cycle of femderats
was determined for the last 21 days of exposure. Hormonal
anayses were conducted following 90 days of exposure.
Serum LH, FSH, and testosterone concentrations were
mesasured in the male rats and serum estradiol and
progesterone concentrations were measured in the femde
rats.
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GLP:
Test Substance:
Reallts

Rdiahility:
Reference:

Remarks:

Yes

99.61% DMG

No concentration-related effects were observed on sperm
motility or morphology or estrous cycle. In femderrats,
DMG exposure did not alter serum estradiol or
progesterone concentrations. In male rats exposed to DMG,
serum testosterone concentrations were significantly
decreased at concentrations of 50 and 400 mg/nT (59 and
50% of control, respectively). Smilarly, ssum LH
concentrations were decreased in a dose-dependent manner
and were significantly decreased at 400 mg/nt (71% of
control). Serum concentrations of FSH were not affected by
DMG trestment. There was a trestment-related increasein
epididyma sperm counts (per cauda epididymis and per
gram cauda epididymis) following exposure to DMG and
the number of sperm per cauda and per gram cauda
epididymis was significantly increased at 50 and 400

mg/nt (124-131% of control). Epididyma sperm counts
were similar to control a 10 mg/n.

High (Scientificaly defensble, or guideine method, GLP)
Dupont Co. (2000). Unpublished data, Haskell Laboratory:
MR-13128-1, Dupont-3557.

Additiona details of this study can be found in the sub
chronic inhdation section (DuPont Co., 2000).

5.5. Genetic Toxicity in vitro (gene mutations)

Type:

Tedter drains.
Exogenous
Metabolic
Activation:
Exposure
Concentrations.
Methods.

GLP:
Rdiahility:

Reference
Remarks:

In vitro Mouse Lymphoma Forward Mutation Bioassay
Mouse lymphoma cells (L5178Y; TK locus)

With and without activation.

No Data

No Data

No

Not assignable because limited study information was
avaladle.

Bradford, J.C. et a. (1984). Teratology, 29(2):19A.

The results of this assay were dependent upon the pH of the
culture medium. Evidence suggested that the variable
response may not be adirect effect of gluteric acid, per sg,
but rather an indirect effect of other factors (i.e., pH,
osmoaldity) of the mediain which the cdls were exposed.
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Additional Referencesfor in vitro Studies:

Sakagami, Y. et d. (1988). Mutat. Res., 209(3-4):155-160. [Gluteric acid did not
induce umu gene expressions independently or in the presence of S-9 fraction.]

Guiddine

Type:

Cdl Type:
Route of
Adminigration:
Exogenous
Metabolic
Activation:
Exposure
Concentrations:

Method:

GLP:
Test Substance:
Reaults

Rdiahility:
Reference

5.6. Genetic Toxicity in vivo (chromaosomal aberrations)

US EPA (1998). Health Effects Test Guiddines. OPPTS
870.5395

Rat Micronucleus Test
Fischer 344 rat bone marrow cdlls (immature erythrocytes)

Inhdation

None

0.5, 1.0 and 2.0 mg/L (w/v) of chamber air

Ten Fischer 344 rats, six to eight weeks old, were exposed
(5 malel5 femde) to each of three exposurelevels: 0.5, 1.0
and 20 mg/L DMG (w/V) viainhdation. Two sx-hour
exposures on consecutive days were used for dl animads
including negative controls. Test materia used as received.
A negative inhdation contral (air only) and a positive
control congsting of ord gavage of cyclophosphamide
were employed. Following a period of 24 hours post-
exposure animas were sacrificed and immeature
erythrocytes in bone marrow smears (one smear from each
anima exposed) were examined for micronucle.

Yes

99.6% DMG

No datidicdly sgnificant increase in micronuclested,
immature erythrocytes (P>0.01) or Sgnificant decreasein
immature erythrocytes (P>0.01) was observed in rats
exposed to DMG by inhaétion.

High (Scientifically defensible or guiddine method, GLP)
Huntington Life Sciences, Ltd. (2001). “Dimethyl
GlutarateRat Micronulceus Test”. Submitted to SOCMA.
SOA 001/004850.

Additional Referencesfor in vivo Studies:
Bradford, J.C. et a. (1984). Teratology, 29(2):19A.
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6.0 Other Information

6.1 Biochemical/M etabolism Studies

Hepatic mitochondria were used as amodel for nasal tissue. DBEs were
found to inhibit mitochondrial ATP synthesis 11 to 27% at 100 uM. The
order of potency was DMA > DMG > DMS and parallded the Vinax/Km
vauesfor the hydrolyss of the DBEs to their monomethyl esters. Pre-
trestment of the rats with 100 mg/kg of bis-nitrophenyl phosphate for three
days decreased the rate of hydrolysis of the DBES approximately 50% and
protected the mitochondria from DBE-induced inhibition of ATP
gynthess. These results support the hypothesis that DBE-induced
cytotoxicity results from esterase-mediated hydrolyss to acid metabolites
and interference with intermediary metabolism (Bogdanffy and
Londergan, 1989).

In the study cited above, DBE cytotoxicity was shown to be due to
esterase-mediated activation. In this present study, the putative toxic
monomethyl and diacid metabolites were evduated in an in vitro nasa
explant syssem. Monomethyl adipate (MMA), glutarate (MMG), and
succinate (MMS) induced increases in nasa explant acid phosphatase
release, abiochemicd index of ther cytotoxicity. Metabolism of MMA
and MMG to their diacids paraleled cytotoxicity. MM S metabolism was
not quantifiable. Pretrestment of rats with a carboxylesterase inhibitor
reduced cytotoxicity and metabolism of MMA and MMG, but not
cytotoxicity of MMS. It is concluded that both monomethyl ester and
diacid metabolites of DBE are cytotoxic. The contribution of each to
cytotoxicity in vivo may depend on thelr rate of formation during exposure
(Bogdanffy et d., 1991a; Trelaand Bogdanffy, 1991b).

The kinetic parameters Vimax, Km, Kg, and V/K were measured for the
hydrolysis of the dibasic estersin the target nasd tissue, olfactory mucosa,
and non-target tissue, respiratory mucosa. It was determined under the
conditions of these experiments, diacid metabolites were not formed.
Esterase activity was inhibited by pretrestment with bis-nitrophenyl
phosphate. V max vaues for the three dibasic eters were 5- to 13-fold
gregter in olfactory mucosa than respiratory mucosafor male and femae
rats. V /K values were 4- to 11-fold greater in olfactory mucosathan
respiratory mucosafor mae and femaerats. V/K was smilar between
male and female olfactory mucosa when DM G was used as the subsirate.
With DMS or DMA asthe substrate, V/K for female olfactory tissue was
0.5- or 2-fold that of maes, respectively. Differencesin V/K were mainly
due to decreasesin Ky, associated with increasing carbon chain length.
Substrate inhibition was observed a DBE concentrations grester than
gpproximately 25 mM, which are unlikely to be achieved in vivo. These
results lend further support to the hypothesis that organic acid
accumuletion in the target tissue, olfactory mucosa, plays asignificant role
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in the pathogenesis of DBE-induced nasd lesions (Bogdanffy et d.,
1991b).

Since female rats appear to be more sensitive to DBE-induced olfactory
toxicity than males, it was of interest to measure the rate of hydrolysis of
DBEsin mde and femae nasd mucosa homogenates and compare these
vaues to those derived from human nasd tissue obtained at autopsy. For
both mae and femalerats, Vimax/Km vaues followed the order DMA >
DMG > DMS pardlding carbon chain length. The Vinax/Km vaues for
female olfactory mucosa usng DMA or DMS as subgtrates were two
times or one-hdf the vaues for male olfactory mucosa, respectively.
Hydrolysis of DBEs was detectable in only three of Sx human samples.
Activity vaues that were measurable were two or three orders of
magnitude lower than that of rat respiratory or olfactory mucosa,
respectively. These data suggest the rate of conversion of DBESto acid
metabolites in nasdl tissueis less ggnificant in humans then in rats, and
that the rat may be more sengtive than man to the effects of DBEs on
nasal mucosa (Kee et al., 1989).

The enzymatic esterase activity of carboxylesterasesisintegrd to the nasd
toxicity of many esters, including DMG, DMS, and DMA.. Inhdation of
these esters specificaly damages the olfactory mucosa of rodents. In this
study, the localization differentia digtribution of a59 KD carboxylesterase
was demonstrated in the nasd tissues of the rat by immunochemigry
.Rabbit antiserum against the 59 KD rat liver microsomal carboxylesterase
bound most prominently to the olfactory mucosawhen gpplied to
decdcified, paraffin-embedded sections of rat nasa turbinates. Within the
olfactory mucosa, anti- carboxylesterase did not bind to sensory neurons,
the target cdll for ester-initiated toxicity; these cells apparently lack
carboxylesterase. Instead, the antibody was preferentially bound by cells
of Bowman's glands and sugtentacular epithelid cdlsthat are immediately
adjacent to the olfactory nerve cdlls. In contrast, non-olfactory tissues
(respiratory mucosa and squamous epithelium) which are more resistant to
the toxicity of esters, had less carboxylesterase content (Olson et d.,
1993).

Anin vitro sysem was utilized to determine if DBE toxicity is dependent
on metabolic activation by carboxylesterase. Explants from the olfactory
and respiratory regions of therat nasal cavity were incubated in amedium
containing 10-100 mM of the dimethyl esters of adipic-, glutaric-, and
succinic acids. DBE caused a dose-rdated increase in nasa explant acid
phosphatase release, abiochemica index of cytotoxicity. A pardld
increase in carboxylesterase- mediated monomethyl ester (MME)
formation was seen. In addition, MME concentrations and acid
phosphatase release were generally higher in olfactory than respiratory
tissues. DME-induced cytotoxicity and MME formation were markedly
reduced in nasal tissue excised from rats treated with a carboxylesterase
inhibitor, bisnitrophenyl phosphate (Trela and Bogdanffy, 1990; 19914).
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The kinetic congtants were determined for carboxylesterase-mediated
hydrolysis of DBEs and correlated with leson formation. No diacid
metabolites were found. V max vaues for the formation of MMS, MMG,
and MMA were gpproximately 8- to 10-timeslarger in olfactory mucosa
than in respiratory mucosa. V/K values for the formation of MMG and
MMA were gpproximately 9- and 10-times larger in olfactory mucosa than
respiratory mucosa. For the formation of MMS, V/K was approximately 2
ti mes) larger in respiratory mucosa than olfactory mucosa (Petterson et d.,
1988).

To determine the biochemica mechanism for the toxic effect of DBE on
rat nasal olfactory mucosa, an in vitro study was conducted with rat and
human nasdl tissue. This study demonstrated that the nasal tissue toxicity
of DBE isrdaed to enzymatic hydrolysis of DBE within the nasa cavity
to form the corresponding monomethyl ester. Additiondly, it was found
that human nasal tissue hydrolyzes DBE at 1/100 to 1/1000 the rate of rat
nasal tissue. For thisreason, the nasd tissue of humansislikely to be at
greatly reduced risk of DBE toxicity compared to rats (Bogdanffy and
Frame, 1994).

References: Bogdanffy, M. S. and T. Londergan (1989). The
Toxicologist, 9(1):249 (Abstract 996).

Bogdanffy, M. S. et d. (1991a). The Toxicologig,
11(1):182 (Abstract 664).

Bogdanffy, M. S. et d. (1991b). Drug Metab. Dispos. Biol.
Fate Chem., 19(1):124-129.

Bogdanffy, M. S. and S. R. Frame (1994).
Inhalation Toxicology, 6(Supplement):205-:
(N1OSH/00224297) (as cited in Dupont Co.
(1995). AEL Documentation, October 4..

Kee, C. R. et a. (1989). The Toxicologis, 9(1):284
(Abstract 1139).

Olson, M. J. et al. (1993). J. Histochem. Cytochem.,
41(2):307-311(BI0OSI S/93/13203).

Patterson, C. A. et . (1988). The Toxicologist, 8(1):6
(Abstract 22).

Trela, B. A. and M. S. Bogdanffy (1990). The Toxicologig,
10(1):261 (Abstract 1044).
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Robust Summariesfor Dibasic Ester Solvents:

1. Substancelnformation

1.1. Chemical Name:
1.2. CASRegistry No:

Dimethyl Adipate (DMA)

Dimethyl Adipate
627-93-0

1.3. Component CAS Nos.: Not applicable

1.4. Structural Formula:

1.5. Other Names:

2.1. Mdting Paint

Vdue
Decompodtion:
Sublimation:
Method:

GLP:
Rdidhility:

Reference:

O
'\'eo\/\/\/H\

I heO
)

Hexanedioic acid, dimethyl eter, dimethyl
hexanedioate, dibasic acid ester (dimethyl adipate ),
dimethyl adipate, 1,4 butanedicarboxylic acid, dibasic
dimethyl ester of adipic acid, DMAD and DBE-6.

Physical-Chemical Properties

85°C

No Data

No Data

No Data

No Data

Not assignable because limited study information was
avaladle

IUCLID (2000). IUCLID Dataset. European Chemicals
Bureau, European Commission. Datasheet for dimethyl
adipate, 2/18/00 [ Subsequently referenced as IUCLID
(2000)]

Additional Referencesfor Méting Point:

Dupont Co. (2001). Materid Safety Datasheet DU005940 for DBE-6 (dimethyl

adipate, DMA).

HSDB (2001). Hazardous Substances Data Bank (HSDB/5021)



2.2. Bailing Point

Vdue 230.9°C

Decompoadition: No Data

Pressure; 1013 hPa

Method: No Data

GLP: No Data

Rdiahility: Not assgnable because limited study information was
avalabdle

Reference: I[UCLID (2000)

Additional Referencesfor Boiling Point:

Dupont Co. (2001). Materia Safety Datasheet DU005940 for DBE-6 (dimethyl
adipate, DMA).

Lide, D.R. (ed.) (1995-1996). CRC Handbook of Chemistry and Physics. 76™ ed.,
p. 3-187, CRC Press, Inc. Boca Raton, FL.

2.3. Density
Vdue 1.062 g/cnt®
Temperature: 20°C
Method: No Data
GLP: No Data
Reference: I[UCLID (2000)
Rdiability: Not assignable because limited study information was

avalable

Additional Referencesfor Density:

Dupont Co. (2001). Materid Safety Datasheet DU005940 for DBE-6 (dimethyl
adipate, DMA).

Lide, D.R. (ed.) (1995-1996). CRC Handbook of Chemistry and Physics. 76™ ed.,
p. 3-187, CRC Press, Inc. Boca Raton, FL.

2.4. Vapor Pressure

Vaue 0.17 hPa

Temperature: 20°C

Decomposition: No Data

Method: No Data

GLP: No Data

Rdiability: Not assignable because limited study information was
avalable

Reference: [UCLID (2000)

Additional Referencesfor Vapor Pressure:



Dupont Co. (2001). Materid Safety Datasheet DU005940 for DBE-6 (dimethyl

adipate, DMA).

2.5. Partition Coefficient (log Kow)

Vdue
Rdiahility:

Reference

1.03 (caculated)

Not assignable because limited study information was
avaldble

Hansch, C., A. Leo, D. Hoekman (1995). Exploring QSAR-
Hydrophobic, Electronic, and Steric Congtants.

Washington, D.C., American Chemicd Society (HSDB
5021).

Additional Referencesfor Partition Coefficient:

IUCLID (2000)

2.6. Water Solubility
Vdue
Temperature;
pH/Pka:

Method:
GLP:
Reidbility:

Reference
Remarks:

299¢9/L

20°C

pH 8.9

No Data

No Data

Not assignable because limited study information was
avaladle

IUCLID (2000)

Another reference reports alower level of solubility of 600
mg/L with temperature not specified (Bennet SR et d
(1984). “Environmental Hazards of Chemical Agent
Stimulants’. Aberdeen Proving Ground, MD: CRDC-TR-
84055.

Additional Referencesfor Water Solubility:
Dupont Co. (2001). Materia Safety Datasheet DU005940 for DBE-6 (dimethyl

adipate, DMA).

2.7. Flashpoint
Vdue

Type:
Method:
Rdidhility:

Reference:

116 °C

Closed cup

other: DIN 51794

Not assgnable because limited sudy information was
avaladle

IUCLID (2000)

Additional Referencesfor Flashpoint:



Dupont Co. (2001). Materia Safety Datasheet DU005940 for DBE-6 (dimethyl

adipate, DMA)).
3. Environmental Fate

3.1. Photodegradation
Vaue

Indirect Photolysis:
Breakdown
Products.

Method:

GLP:
Rdiahility:
Reference:

Remarks:

50% degradation after 5 days with rate constant of 3.221 x
102 molecules /second.
Inar

No Data

Calculated usng AOP computer program, Version 1.53,
Syracuse Research Center (SRC). Used concentration of
sengitizer (OH) of 500,000 molecules/cn.

Not Applicable

Estimated value based on accepted model

Adkinson, R. (1987). Int. J. Chem. Kinet., 19:799-828
(cited in IUCLID.(2000).)

According to amodel of gas/particle partitioning of
semivolatile organic compounds in the amosphere
(Bidleman, 1988), dimethy! adipate, which has a vapor
pressure of 0.06 mm Hg at 25°C (Howard and Meylan,
1997), is expected to exist solely as avapor in the ambient
amosphere. Vapor-phase dimethyl adipate is degraded in
the atmosphere by reaction with photochemically- produced
hydroxyl radicas (SRC, n.d.); the haf-life for thisreaction
inair is estimated to be four days (SRC, n.d.), caculated
from its rate congtant of 4x10-12 cm/molecule-sec at 25°C
(Meylan and Howard, 1993 ). Dimethyl adipate may
undergo direct photolysis in the environment, since this
compound contains a functiond group that can absorb light
>290 nm (Lyman et al., 1990) (HSDB/5021).

Additional Referencesfor Photodegradation:
Bidlemen, T.F. (1988). Environ. Sai. Technal. 22:361-367 (HSDB/5021).
Myelan, W.M., and P.H. Howard. (1993). Chemosphere 26:2293-99

(HSDB/5021).

Howard, P.H. and W.M. Meylan. (1997). Handbook of Physica Properties of
Organic Chemicas. Lewis Publ. Baca Raton, FL: (HSDB/5021).

Lyman, W.J,, et a.(1990). Handbook of Chemica Property Estimation Methods
Am. Chem. Soc., Washington, DC. (HSDB/5021).

3.2. Stability in Water
Concentration:

No Data



Haf-life Hydrolytic hdf-lifeis etimated as 2 years and 60 days,
respectively (calculated), at pH 7 and 8.
Percent Hydrolyzed: Not gpplicable

Method: SAR based caculation.

GLP: No

Rdiahility: Estimated value based on accepted model

Reference: Mill, T., et d. (1987). Environmenta Fate and Exposure

Studies Development of a PC-SAR for Hydrolyss, Esters,
Alkyl, Halides and Epoxides. SRI Internationd, Menlo
Park, CA. EPA Contract No. 68-02-4254 (HSDB/5021).

Remarks Based on aclassification scheme (Swann et dl., 1983), a
Koc vaue of 11 (SRC, n.d.), determined from an
estimation method (Meylan et d., 1992), indicates that
dimethyl adipate is not expected to adsorb to suspended
solids and sediment in water (SRC, n.d.). Volatilization
from water surfacesis not expected (Lyman et d., 1990)
based upon an estimated Henry's Law constant of 9.77x10°’
atm-n/mole (Meylan and Howard 1991), developed using
afragment congtant estimation method (Meylan and
Howard, 1991). According to a classfication scheme
(Franke et al., 1994), an estimated BCF of 1.2 (SRC, n.d.),
from alog Kow of 1.03 (Hansch et d., 1995) and a
regressionderived equation (Meylan et d., 1999), suggests
the potentid for bioconcentration in aguatic organismsis
low. Dimethyl adipate is expected to undergo hydrolyss
producing hexanedioic acid and methanol (SRC, n.d.).
Edimated hydrolyss hdf-lives are two years and 60 days
at pH vaues of 7 and 8, respectively (Mill et a.; 1987)
(HSDB/5021).

Additional Referencesfor Stability in Water:
Bidlemen, T.F. (1988). Environ. Sci. Technal. 22:361-367 (HSDB/5021).
Franke, C. et d. (1995). Chemosphere, 29:1501-14 (HSDB/5021)

Hansch, C. et a. (1995). Exploring QSAR. Hydrophobic, Electronic and Steric
Congtants, p. 48, Amer. Chem. Soc., Washington, DC (HSDB/5021).

Howard, P.H. and W.M. Meylan. (1997). Handbook of Physical Properties of
Organic Chemicds. Lewis Publ. Baca Raton, FL: (HSDB/5021).

Lyman, W.J,, et a. (1990). Handbook of Chemical Property Estimation Methods.
Am. Chem. Soc., Washington, DC. (HSDB/5021).

Myedan, W.M., and P.H. Howard. (1993). Chemosphere 26:2293-99
(HSDB/5021).

Meylan, W.M. et a. (1999). Environ. Toxicolo. Chem., 18:664-72 (HSDB/5021)




Mill, T. et d. (1987). Environmenta Fate and Exposure Studies Development of a
PC-SAR for Hydrolyss Esters. Alkyl Halides and Epoxides, EPA Contract
No0.68-02-4254, SRI International, Menlo Park, CA (HSDB/5021).

SRC (n.d.) Syracuse Research Corporation (HSDB/5021).
Swann, R. L. et . (1983). Res. Rev., 85:17-28 (HSDB/5021).

3.3. Trangport (Fugacity)

Media: Air, water, soil, and sediment
Didributions Air 4.13%
Water 50.7%
Soil 45.1%
Sediment 0.0923%
Adsorption
Coefficient: Not applicable
Desorption: Not applicable
Volatility: Not gpplicable
Method: Calculated method based on Mackay’s Leve 11 Fugecity
mode and using Estimations Programs Interface (EPIWIN
v. 3.10)
Data Used:
Molecular Weight: 174.2
Henry’sLaw Congtant:  9.77 x 10°® am.-n/mole
(cdculated VP/Ws0I)
Vapor Pressure; 1.27 mm Hg (user —entered)
Log Kow: 1.03 (KOWWIN Program).
Soil Koc: 4.39 (cdculated by model)
GLP. No
Rdidhility: Estimated va ue based on accepted SAR mode.
Reference: SRC and EPA developed models EPIWIN (v. 3.10) which

containsaLeve 11l Fugacity Modd developed by Dr.
Donadd MacKay and Co-Workerswhich is detaled in:

Mackay, D. (1991). Multimedia Environmental Models the
Fugacity Approach. pp 67-183, Lewis Publishers, CRC
Press.

MacKay, D. et a. (1996) Environ. Toxicol. Chem,
15(9):1618-1626.

MacKay, D. et al. (1996). Environ. Toxicol. Chem,
15(9):1627-1637.




3.4. Biodegradation

Vdue
Breakdown
Products.
Method:

GLP:
Rdighility:
Reference:

3.5. Bioconcentration

Vdue
Method:

GLP:
Rdighility:

Reference:

Modeed Linear Biodegradation Probability 1.0130

Not gpplicable

Calculated usng BIOWIN (v. 4.00) developed for the EPA
by Syracuse Research Center (SRC) (© 2000 US EPA).
No

Estimated val ue based on accepted SAR modd.

Boethling, R.S., Howard, P.H., Meylan, W.M., Stiteler, W.,
Beauman, J. and Tirado.N. 1994. Group contribution
method for predicting probability and rate of aerobic
biodegradation. Environ. Sci. Technol. 28: 459-65.
(BIOWIN Software available from Syracuse Research
Corp, Environmental Science Center, Syracuse, NY
13210).

Howard, P.H., Boethling, R.S,, Stitdler, W., Meylan, W.M.,
Hueber, A.E., Beauman, J. and Larosche, M.E. 1992
Predictive model for aerobic biodegradability developed
from afile of evaluated biodegradation data. Environ.
Toxicol. Chem. 11: 593-603. (BIOWIN Software
available from Syracuse Research Corp, Environmenta
Science Center, Syracuse, NY 13210).

BCF of 1.2 (cdculated)

An estimated BCF of 1.2 was caculated for dimethyl
adipate (SRC, n.d.), using alog Kow of 1.03 (Hansch et d.,
1995) and aregression-derived equation (Meylan et d.,
1999). According to a classfication scheme (Franke et d.,
1994), this BCF suggests the potentia for bioconcentration
in aguatic organismsislow (HSDB/5021).

No

Not assignable because limited study information was
avalabdle

HSDB/5021

Additional Referencesfor Bioconcentr ation:
Franke, C. et d. (1995). Chemosphere, 29:1501-14 (HSDB/5021)

Hansch, C. et al. (1995). Exploring QSAR. Hydrophobic, Electronic and Steric
Congtants, p. 48, Amer. Chem. Soc., Washington, DC (HSDB/5021).

Meylan, W.M. et . (1999). Environ. Toxicolo. Chem., 18:664-72 (HSDB/5021)
SRC (n.d.) Syracuse Research Corporation (HSDB/5021).




4. Ecotoxicity

4.1. Acute Toxicity to Fish

Type:
Species.
Vdue
Method:

Reaults
GLP:
Reidhility:

Reference:

43-h LCsg

Carpus carpio (Carp)

No mortality reported

Carp were exposed to 89-122 mg/L for 43 hours. Water
temperature was 12°C and dissolved O, was 8.5-9.5 mg/L.
A 5-17% hematoma incidence was reported.

No

Not assignable because limited study information was
avaladle.

Loeb, H.A. et d. (1963). U.S. Fish Wildl. Serv. Sp. Sci.
Rep.-Fish No. 471, Washington, DC (Aquire/AQ-
0002965).

Additional Referencesfor Fish Toxicity:

The aguatic toxicity of DMA was estimated using quantitative structure-activity
relationships. The estimated LCso was 27 mg/L; the estimated |owest chronic
ECso was 6.74 mg/L; the estimated chronic “safe level” for aquatic life was 270-
674 ug/L; and the caculated Ko was 0.36.

Matthiessen, P. et d., (1993). Ma. Pdll. Bull., 26(2):90-95

4.2. Acute Toxicity to Invertebrates

Type:
Species.
Vdue
Method:

GLP.
Rdighility:
Reference:

48-h LC50

Daphnia magna

497 mg/L

Calculated usng ECOSAR (v. 0.99g) developed for the
EPA by Syracuse Research Center (SRC) (© 2000 US
EPA).

No

Estimated value based on accepted SAR moddl.
Meylan,W.M. and P.H. Howard. (1999). User’s Guide for
the ECOSAR Class Program. Version 0.99e (Mar 1999),
prepared for J. Vincent Nabholz and Gordon Cash, U.S.
Environmenta Protection Agency, Office of Pollution
Prevention and Toxics, Washington, DC; prepared by
Syracuse Research Corporation, Environmental Science
Center, North Syracuse, NY 13212.



Type:
Species.
Vdue
Method:

GLP.
Rdiahility:
Reference:

5. Mammalian Toxicity

5.1. Acute Toxicity

Type:
Guiddine
Vdue

Methods:

GLP:
Test Substance:
Reaults

Rdidhility:
Reference

Type:
Guiddine:
Species/Strain
Vdue
Method:

GLP:
Test Substance:

4.3. Acute Toxicity to Aquatic Plants

96-h EC50

Green dgee

4.351 mg/L

Calculated using ECOSAR (v. 0.999g) developed for the
EPA by Syracuse Research Center (SRC) USEPA).
No

Estimated va ue based on accepted SAR modd.
Meylan,W.M. and P.H. Howard. (1999). User’s Guide for
the ECOSAR Class Program. Version 0.99e (Mar 1999),
prepared for J. Vincent Nabholz and Gordon Cash, U.S.
Environmenta Protection Agency, Office of Pollution
Prevention and Toxics, Washington, DC; prepared by
Syracuse Research Corporation, Environmenta Science
Center, North Syracuse, NY 13212,

Acute Oral Toxicity

DOT Protocol

7500 mg/kg b.wit.

Using a Department of Trangportation (DOT) protocol 10
rats were administered (oraly) 50 mg/kg b. wt. DMA

No

DMA

No mortdities were observed at this 50 mg/kg dose levd,
indicating that DMA isnot a Class B poison

High (Scientifically defensible or guiddine method)
Dupont Co. (1966). Unpublished data, Haskell Laboratory
Report N0.149-66.

Oral LD50

EPA (40 CFR) 798.1175

Sprague Dawley Rats

>5000 mg/kg b.wit.

DMA was administered asngle dose via ord gavage a
two dose levels (500 and 5000 mg/kg b.wt.) with a 14 day
observation period. Test materid was administered as
received. 5 femaes and 5 males were used for each dose
level. Necropsies were performed on animals that died and
that survived to 14 days post-adminigtration.

Yes

99.5% DMA



Reaults

Rdiahility:
Reference

Remarks:

At 500 and 5,000 mg/kg b.wt. mortality rates were 0/10 and
2/10, respectively. The mortdities occurred in the first two
days. The animasin the 500 mg/kg b. wt. dose group were
free of signs of anormdity. In the 5,000 mg/kg treatment
level the only abnormdity was decreased activity and
“hunched” gppearance. Other Sgns observed in single
animasincluded irregular gait. Surviving animas showed
no abnormadlities with the exception of asngle animd with
red fod inthelungs. Necropsies of two dead animas (i.e,
5,000 mg/kg dose group) reveded discoloration and edema
in the lungs, discoloration of the thymus and the presence

of thick tarry substance in the sscomach. Other observations
inindividua animas were reddened pancreas and ydlow
fluid in the somech.

High (Sdentifically defensible or guiddine method, GLP)
Bio/dynamics Inc. (1992). Acute Ora Toxicity in Rats
(DMA, Dimethyl Adipate). Submitted to Monsanto
Company. Reference Numbers: 92-6328, BD-92-243,
October 8, 1992.

Study was designed as one in a series of four acute studies
conducted with each of four different dibasic ester test
materials. DBE (mixture of three dimethyl esters), DMA,
DMG, and DMS.

Additional Referencesfor Acute Oral Toxicity:
Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No.34-75.

Type:
Guiddine:
Species/Strain:
Vdue
Method:

GLP:
Test Substance:
Reaults

Dermal LD50

EPA (40 CFR) 798.1100

New Zedand White Rabbits

> 5000 mg/kg b. wt.

DMA was administered a single dose applied directly to the
skin over a 12 x 14 cm area approximating 10% of the body
surface. Contact with excess materid was maintained for
24 hours and animals were observed for 14 days after
initiation of dose. A totd of 5 femaesand 5 maleswere
used for this study. Test materid was administered as
received.

Yes

99.5% DMA

All animas survived after dermd trestment a 5,000 mg/kg
b. wt. Animas gained weight during 7 days post-treatment,
but dl animals lost weight or remained stable from day 7 to
14 post-trestment. All animals were free of sysemic
toxicity throughout the sudy and no abnormalities were
observed during post-mortem macroscopic observation.
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Reliability:
Reference:

Remarks:

High (Scientificaly defensible or guiddine method, GLP)
Bio/dynamicsinc. (1992). Acute Dermd Toxicity in
Rabbits (DMA, Dimethyl Adipate). Submitted to Monsanto
Company Reference Numbers: 92-6329, BD-92-243,
October 8, 1992.

Study was designed as one in a series of four acute studies
conducted with each of four different dibasic ester test
materids. DBE (mixture of three dimethyl eters), DMA,
DMG, and DMS.

Additional Referencesfor Acute Dermal Toxicity:

Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No. 301-75.

Type:

Guiddine:

SpeciedStran:
Vdue
Method:

GLP;
Test Substance:
Reallts:

Rdiahility:
Reference:

Remarks:

Primary Dermal Irritation

EPA (40 CFR) 798.4470

New Zedand White Rabbits

Average Dermd Irritation Score (ADIS) was 0.0

DMA was adminigtered to Six animas (3 femae/3 mae) as
asingle dose gpplied directly to two 1 x 1 inch areas of skin
on the back and held in place with semi-occlusive dressings
for 4 hours. Animals were observed for subsequent 3 days
and trested areas were observed at 30 minutes and 24, 48,
and 72 hours. Test material was administered as received.
Yes

99.5% DMA

The ADIS for DME is0.0. No irritation was observed.
This materia would probably not be considered to produce
dermd irritation as defined in EPA Guiddines

High (Scientificdly defensible or guiddine method, GLP)
Bio/dynamics Inc. (1992). Primary Dermd Irritation Study
in Rabbits (DMA, Dimethyl Adipate). Submitted to
Monsanto Company Reference Numbers: 92-6330, BD-92-
243, October 8, 1992.

Study was designed as one in a series of four acute studies
conducted with each of four different dibasic ester test
materids. DBE (mixture of three dimethyl eters), DMA,
DMG, and DMS.

Additional Referencesfor Dermal Irritation:

Dupont Co. (1975). Unpublished data, Haskell Laboratory Report No. 156-75.
When tested in rabbits resulted in mild irritation (grade 3 using ascade of 0-10).
Union Carbide Co. (1992). TSCA 8(e)CAP Submission, TSCA Fiche

OTS0O536615.
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Type:
Guiddine:
SpeciedStrain:
Vdue

Method:

GLP:
Test Substance:
Reallts:

Reidhility:
Reference:

Remarks:

Eyelrritation

EPA (40 CFR) 798.4500

New Zedland White Rabhbits

DMA produced mild to moderate, transient ocular
irritation.

A sngle ocular adminigtration of DMA (0.1 ml) was
goplied to 3 mde and 3 female adult rabbits followed by
observationsat 1, 24, 48, 72 hours and 7 and 10 days. The
observation period continued up to 10 days or until no signs
of irritation were present. The cornes, iris and conjunctivae
were observed and lesions were graded. Test materid was
administered as received.

Yes

99.5% DMA

DMA produced moderate, trangent ocular irritetion. This
material would be consdered to produce eyeirritation as
defined in the EPA Guiddines. All 9x animals exhibited
moderate irritation of the conjunctivae (redness, chemosis,
and discharge). Four animas exhibited corned opacity,
dight dulling of the corneal surface or had corned
ulceration and five animads exhibited iridid changes or
damage. Two of the Sx animalswere clear of irritation by
48 or 72 hours, and the remaining animas were free of
irritation by Day 7.

High (Scientificaly defensble or guiddine method, GLP)
Bio/dynamics Inc. (1992). Primary Eye Irritation Study in
Rabbits (DMA, Dimethyl Adipate). Submitted to Monsanto
Company Reference Numbers: 92-6331, BD-92-243,
October 8, 1992.

Study was designed as one in a series of four acute studies
conducted with each of four different dibasic ester test
materids. DBE (mixture of three dimethyl esters), DMA,
DMG, and DMS.

Additional Referencesfor Acute EyeIrritation:

Dupont Co. (1966). Unpublished data, Haskell Laboratory Report No. 196-66.

5.2. Repeated Dose Toxicity:

Type:
Guiddine

Speciesd/Strain:
Sex/Number:

90-day Inhalation

Based on 40CFR799.9346, 799.9380, 799.9620, plus cell
proliferation study.

Raty Crl:CD®(SD)IGS BR

36 male and 36 femde/trestment level

12



Route of
Adminigration:
Exposure
Period:
Frequency

Of treatment:
Exposure levels.

Methods:

GLP;
Test Substance:
Reallts

inhdation
90 days

6 hours/day, 5 days'wk
0 or 400 mg/n® DMA

Groups of made and femae (nulliparous and non-pregnant)
rats were exposed viainhaation to DMA over a 90-day
period. The exposure period was followed by a 1-month
recovery period. Rats were weighed once per week and
clinical sgnswere taken dally. Food consumption was
determined on aweekly bass. Samplesfor hepatic, lung,
and nasd (levels |l and 1) cdl proliferation (CP) were
collected from rats approximately 2 weeks after initiation

of the study and approximately 90 days after sudy
initiation. A dlinica pathology evauation was conducted

on rats approximately 45 and 90 days after initiation of the
study. Approximatdy 90 days after sudy initiation, rats
designated for the clinica pathology evauation were
sacrificed for pathologica examination and evauation of
male reproductive endpoints, including sperm matility,
gperm number, and sperm morphology. A neurobehaviora
test battery, congsting of functional observationa battery
assessments and motor activity, was conducted prior to test
substance adminigtration to obtain basdaline measurements,
and during test weeks 4, 8, 13, and 18 (recovery). Rats
designated for neuropathological evauation were sacrificed
approximately 90 days after study initiation and after
approximately 1 month of recovery. The estrous cycle of
female rats was determined for the last 21 days of
exposure. Following 90 days of exposure, blood was
collected viathe tail vein from male and femaerats and
serum was subjected to hormonal analyses. In maerats,
sarum luteinizing hormone (LH), fallicle simulaing
hormone (FSH), and testosterone concentrations were
measured. In female rats, serum estradiol and progesterone
concentrations were measured.

Yes

98.824% DMA

The andyticadly determined overall mean concentration of
DMA in the exposure chambers targeted to 400 mg/nt was
390 mg/n™. The overal mean temperature in each of the
exposure chambers ranged from 21-22°C. The overdl
mean relaive humidity in each of the exposure chambers
ranged from 35-55%, and the oxygen concentration was
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Rdiability:
Reference:

Remarks;

approximately 21 %. The mean chamber airflows ranged
from 320-330 L/min in the 1.4-nT control chambers and
1600-1800 L/min in the 9-n7° test chambers.

No concentration-related effects were observed on
mortdity, dinica Sgnsof toxicity, dinicd pathology,
neurobehaviora endpoints, neuropathology, sperm matility
or morphology, estrous cycle, or serum hormone levels.

Male rats exposed to 400 mg/nT DMA had lower mean
body weights, lower mean body weight gains, and lower
food efficiency during the study. Compound-related effects
were observed in the noses of male and femae rats exposed
to 400 mg/n? DMA for 90 days. These effects consisted
primarily of degeneration/atrophy of the olfactory mucosa
of the dorsal meetus and of the dorsomedia aspect of the
dorsa endoturbinate. Less commonly, foca respiratory
metaplasia of the olfactory mucosa of the dorsal meetus
was a0 present. Lesons were minimd to mild in severity.
Degeneration/atrophy of the olfactory mucosa occurred in
recovery animas in the same locations as was apparent a
the 90-day sacrifice. The lesons were usudly focd and
minimal in severity. Male rats exposed to 400 mg/n? DMA
showed sgnificart increased CP in the liver & day 14
compared to controls and significantly grester CPin the
nose leve 1l at day 14. Female rats exposed to 400 mg/n?
DMA had sgnificantly greater CP in the lungs rdlative to
controls at days 14 and 90. Although not dtatidicaly
ggnificant, increased epididyma sperm counts were
observed in the DMA group.

High (Scientificdly defensible or guiddine method, GLP)
Dupont Co. (2000). Unpublished data, Haskell Laboratory:
MR-13128-1, Dupont-3557.

The NOEL for this study is defined as the highest dose at
which toxicologicaly important effects attributable to the
test substance were not detected. Thus, for this study, the
NOEL isequivaent to the NOEL as defined by the United
States Environmenta Protection Agency (1985) and to the
no- observed- adverse-effect level (NOAEL ) as defined by
the European Union (1994).

5.3. Developmental Toxicity

Species/Strain:
Sex/Number:
Route of

Rats
5 ratgtreatment
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Adminigration:
Exposure
Period:
Methods:

GLP:
Test Substance:
Reaults

Rdiability:

Reference:

i.p. injection

90 days

Groups of five pregnant rats were administered 0.0603,
0.1809, 0.3617, or 0.6028 ml/kg/day of DMA (equivaent
to 64, 192, 385, and 64 mg/kg/day) by i.p. injection on days
5, 10 and 15 of gestation.

Resorptions Abnormalities (percent)
Dose (percent) Gross Skeleta | Viscerd
Control 6 0 3 0
64 6.8 0 0 0
192 14.1 1.8 7.4 0
385 1.8 3.6 13.8 0
641 5.7 8 19.2 8.3

No NOEL was reached in this study. In the 641 mg/kg/day
group, 5/26 fetuses had elongated fronta ribs fused to the
gernebrae. This group also contained two viscera
abnormadlities. one fetus had no Ieft kidney and one fetus
had an angulated ana opening. In the 385 mg/kg/day
group, one fetus had no tail, 2/29 fetuses had afew
elongated and fused pogterior ribs, and two fetuses had
elongated anterior ribs fused to the sternebrae. The 192
mg/kg/day group had one fetus with hemangioma of the
right hind quarter while 2/27 fetuses had e ongated anterior
ribs fused to the sternebrae. Data concerning materna
toxicity were not available (Singh et d., 1973).

Not assignable because limited study information was
avaladle

Singh, RL. et d. (1973). Res. Rev., 85:17-28
(HSDB/5021)

Additional Referencesfor Developmental Toxicity: None Found

Type:
Guiddine:
Species/Strain:
Sex/Number:
Route of
Adminigration:
Exposure

5.4. Reproductive Toxicity

90-day

Based on 40CFR799.9346 and 799.9380
Raty Crl:CD@(SD)IGSBR

36 male and 36 fema eltreatement leve

Inhdaion
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Period:
Frequency

Of trestment:
Exposure levels.
Method:

GLP:
Test Substance:
Results

Rdighility:
Reference

90 days

6 hours/day, 5 days'wk

0 or 400 mg/n® DMA

Mae and femae rats were exposed viainhdation to O or
400 mg/mt dimethyl adipate (DMA) over a90-day period.
The exposure period was followed by a one-month
recovery period. Approximately 90 days after study
initigtion, ratsin the clinica pathology subgroups were
sacrificed and evauated for sperm moatility, Soerm number,
and sperm morphology. The estrous cycle of femaerats
was determined for the last 21 days of exposure. Hormonal
anadyses were conducted following 90 days of exposure.
Serum LH, FSH, and testosterone concentrations were
measured in the male rats and serum estradiol and
progesterone concentrations were measured in the female
rats.

Yes

98.824% DMA

No concentration-related effects were observed on sperm
moatility or morphology, estrous cycle, or serum hormone
levels. Although not datisticaly sgnificant, increased
epididymal sperm counts were observed. Additiond details
of this study can be found in the subchronic inhaation
section (Dupont Co. 2000).

High (Scientificaly defensble or guiddine method, GLP)
Dupont Co. (2000). Unpublished data, Haskell Laboratory:
MR-13128-1, Dupont-3557.

Additional Referencesfor Reproductive Toxicity: None Found

5.5. Genetic Toxicity in vitro (gene mutations)

Type:

Teder grains.
Exogenous
Metabolic
Activation:
Exposure
Concentrations:
Methods.
Rdiahility:
Reference:

No Data
No Data

No Data
No Data
No Data

No Data
No Data

16



Type:

Cdl Type
Route of
Adminigration:
Exogenous
Metabolic
Activation
Exposure
Concentrations:

Method:

GLP:
Test Substance:
Reallts

Rdiahility:
Reference:

5.6. Genetic Toxicity in vivo (chromosomal aberrations)

Rat Micronucleus Test
Fischer 344 rat bone marrow cdlls (immature erythrocytes)

Inhalation

None

0.5, 1.0 and 2.0 mg/L. (Wiv)

This study followed test guiddines: US EPA (1998).
Hedth Effects Test Guiddines, OPPTS 870.5395
Mammalian erythrocyte micronucleus test, EPA 712-C-98-
226. Ten Fischer 344 rats, Six to eight weeks old, were
exposed (5 mae/5 femade) to each of three exposure levels:
0.5, 1.0and 2.0 mg/L DMA (w/v) viainhadation. Two Sx
hour exposures on consecutive days were used for all
animas including negetive controls. Test materia used as
received. A negdive inhdation contral (air only) and a
positive control conssting of oral gavage of
cyclophosphamide were employed. Following a period of
24 hours post-exposure animals were sacrificed and
immature erythrocytes in bone marrow smears (one smear
from each anima exposed) were examined for micronucle.
Yes

98.8% DMA

No gatisticaly sgnificant increase in micronuclested,
immature erythrocytes (P>0.01) or Sgnificant decreasein
immature erythrocytes (P>0.01) was observed in rats
exposed to DMA by inhdation.

High (Scientificdly defensible or guiddine method, GLP)
Huntington Life Sciences, Ltd. (2001). “Dimethyl Adipate
Rat Micronulceus Test”. Submitted to SOCMA 16 May
2001. SOA 001/004850.

Additional Referencesfor in vivo: None Found

6.0 Other Information

6.1 Biochemical/M etabolism Studies

Hepatic mitochondria were used as amodel for nasal tissue. DBEs were
found to inhibit mitochondrid ATP synthesis 11 to 27% at 100 uM. The
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order of potency was DMA > DMG > DMS and pardlded the Vinax/Km
vauesfor the hydrolyss of the DBEs to their monomethyl esters. Pre-
trestment of the rats with 100 mg/kg of bis-nitrophenyl phosphate for three
days decreased the rate of hydrolysis of the DBES approximately 50% and
protected the mitochondria from DBE-induced inhibition of ATP
gynthes's. These results support the hypothesis that DBE-induced
cytotoxicity results from esterase-mediated hydrolysis to acid metabolites
and interference with intermediary metabolism (Bogdanffy and

Londergan, 1989).

In the study cited above, DBE cytotoxicity was shown to be due to
esterase-mediated activation. In this present study, the putative toxic
monomethyl and diacid metabolites were evduated in an in vitro nasa
explant systlem. Monomethy! adipate (MMA), glutarate (MMG), and
succinate (MMS) induced increases in nasa explant acid phosphatase
release, abiochemicd index of ther cytotoxicity. Metabolism of MMA
and MMG to their diacids pardleled cytotoxicity. MM S metabolism was
not quantifiable. Pretrestment of rats with a carboxylesterase inhibitor
reduced cytotoxicity and metabolism of MMA and MMG, but not
cytotoxicity of MMS. It is concluded that both monomethyl ester and
diacid metabolites of DBE are cytotoxic. The contribution of each to
cytotoxicity in vivo may depend on thelr rate of formation during exposure
(Bogdanffy et d., 1991a; Trelaand Bogdanffy, 1991b).

The kinetic parameters Vimax, Km, Kg, and V/K were measured for the
hydrolysis of the dibasic etersin the target nasal tissue, olfactory mucosa,
and non-target tissue, respiratory mucosa. It was determined under the
conditions of these experiments, diacid metabolites were not formed.
Edterase activity was inhibited by pretrestment with bis-nitrophenyl
phosphate. V max vaues for the three dibasic esters were 5- to 13-fold
gregter in olfactory mucosa than respiratory mucosafor male and femae
rats. V /K values were 4- to 11-fold greater in olfactory mucosathan
respiratory mucosafor male and femde rats. V/K was smilar between
male and female olfactory mucosa when DM G was used as the substrate,
With DMS or DMA asthe substrate, V/K for female olfactory tissue was
0.5- or 2-fold that of maes, respectively. Differencesin V/K were mainly
due to decreasesin K, associated with increasing carbon chain length.
Substrate inhibition was observed a DBE concentrations grester than
goproximately 25 mM, which are unlikely to be achieved in vivo. These
results lend further support to the hypothesis that organic acid
accumulation in the target tissue, olfactory mucosa, plays asignificant role
in the pathogenesis of DBE-induced nasa lesions (Bogdanffy et d.,
1991b).

Since femade rats gppear to be more sensitive to DBE-induced olfactory
toxicity than males, it was of interest to measure the rate of hydrolys's of
DBEsin made and femae nasal mucosa homogenates and compare these
values to those derived from human nasa tissue obtained at autopsy. For
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both male and femde rats, Vimax/K m vaues followed the order DMA >
DMG > DMS pardleing carbon chain length. The Vinax/Kr, vauesfor
female olfactory mucosa usng DMA or DMS as substrates were two
times or one-hdf the values for mae olfactory mucosa, respectively.
Hydrolysis of DBES was detectable in only three of sx human samples.
Activity vaues that were measurable were two or three orders of
magnitude lower than that of rat respiratory or olfactory mucosa,
respectively. These data suggest the rate of converson of DBEsto acid
metabolites in nasd tissueisless significant in humans than in rats, and
that the rat may be more sengtive than man to the effects of DBEs on
nasal mucosa (Kee et al., 1989).

The enzymatic esterase activity of carboxylesterasesisintegrd to the nasal
toxicity of many edters, including DMG, DMS, and DMA. Inhdation of
these esters specificaly damages the olfactory mucosa of rodents. In this
study, the localization differentid ditribution of a59 KD carboxylesterase
was demondrated in the nasal tissues of the rat by immunochemistry
.Rabbit antiserum againgt the 59 KD rat liver microsoma carboxylesterase
bound most prominently to the olfactory mucosa when gpplied to
decacified, paraffin-embedded sections of rat nasa turbinates. Within the
olfactory mucosa, anti- carboxylesterase did not bind to sensory neurons,
the target cdll for ester-initiated toxicity; these cdlls apparently lack
carboxylesterase. Instead, the antibody was preferentially bound by cells
of Bowman's glands and sustentacular epithelid cdlsthat are immediately
adjacent to the olfactory nerve cdlls. In contrast, non-olfactory tissues
(respiratory mucosa and squamous epithelium) which are more resistant to
the toxicity of esters, had less carboxylesterase content (Olson et dl.,
1993).

Anin vitro system was utilized to determine if DBE toxicity is dependent
on metabolic activation by carboxylesterase. Explants from the olfactory
and respiratory regions of the rat nasal cavity were incubated in amedium
containing 10-100 mM of the dimethyl esters of adipic-, glutaric-, and
succinic acids. DBE caused a dose-rdated increase in nasa explant acid
phosphatase release, abiochemica index of cytotoxicity. A pardld
increase in carboxylesterase-mediated monomethyl ester (MME)
formation was seen. In addition, MME concentrations and acid
phosphatase release were generdly higher in olfactory than respiratory
tissues. DME-induced cytotoxicity and MME formation were markedly
reduced in nasdl tissue excised from rats treated with a carboxylesterase
inhibitor, bisnitrophenyl phosphate (Trela and Bogdanffy, 1990; 19914).

The kinetic constants were determined for carboxylesterase-mediated
hydrolysis of DBEs and correlated with leson formation. No diacid
metabolites were found. V max vaues for the formation of MMS, MMG,
and MMA were approximately 8- to 10-timeslarger in olfactory mucosa
than in respiratory mucosa. V/K vaues for the formation of MMG and
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MMA were gpproximately 9- and 10-times larger in olfactory mucosa than
respiratory mucosa. For the formation of MMS, V/K was approximately 2
times larger in respiratory mucosa than olfactory mucosa (Petterson et d.,
1988).

To determine the biochemical mechanism for the toxic effect of DBE on
rat nasa olfactory mucosa, an in vitro study was conducted with rat and
human nasd tissue. This study demondrated that the nasal tissue toxicity
of DBE isrdaed to enzymétic hydrolyss of DBE within the nasd cavity
to form the corresponding monomethyl ester. Additiondly, it was found
that human nasal tissue hydrolyzes DBE a 1/100 to 1/1000 the rate of rat
nasa tissue. For this reason, the nasdl tissue of humansislikely to be at
greatly reduced risk of DBE toxicity compared to rats (Bogdanffy and
Frame, 1994).

References. Bogdanffy, M. S. and T. Londergan (1989). The
Toxicologist, 9(1):249 (Abstract 996).

Bogdanffy, M. S. et d. (19914). The Toxicologid,
11(1):182 (Abstract 664).

Bogdanffy, M. S. et d. (1991b). Drug Metab. Dispos. Biol.
Fate Chem., 19(1):124-129.

Bogdanffy, M. S. and S. R. Frame (1994).
Inhaation Toxicology, 6(Supplement):205-:
(N1OSH/00224297) (as cited in Dupont Co.
(1995). AEL Documentation, October 4..

Kee, C. R. et a. (1989). The Toxicologigt, 9(1):284
(Abstract 1139).

Olson, M. J. et a. (1993). J. Histochem. Cytochem.,
41(2):307-311(B10SI S/93/13203).

Patterson, C. A. et a. (1988). The Toxicologis, 8(1):6
(Abstract 22).

Trela, B. A. and M. S. Bogdanffy (1990). The Toxicologis,
10(1):261 (Abstract 1044).
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Robust Summariesfor Dibasic Ester Solvents:
Dibasic Ester Mixture (DBE)

1. Substancelnformation

1.1. Chemical Name; Dibasic Esters (DBE)*
1.2. CAS Registry No: 95481-62-2

1.3. Component CAS Nos. Dimethyl adipate: 627-93-0
Dimethyl gluterate: 1119-40-0
Dimethyl succinate: 106-65-0

1.4. Structural Formula:

O
" |
Q\H/\/\/LI\/EO
Dimethyl Adipate o
Me heO
| l
Dimethyl Glutarate © O
O
e O\/\/H\
| | heO
Dimethyl Succinate
1.5. Other Names: Edtrasol, mixture of dimethyl

adipate, dimethyl succinate, and
dimethyl glutarate hexanedioic acid,
dimethyl ester, mixture with
dimethyl butanedioate and dimethyl
pentanedioate, butanedioic acid,
dimethyl ester mixture with dimethyl
hexanedioate and dimethy!
pentanedioate, dibasic acid ester
(dimethyl succinate/glutarate/
adipate), dimethyl succinate/
glutarate/adipate, pentanedioic acid,
dimethyl eter, mixture with
dimethyl butanedioate and dimethyl
hexanedioate, dibasic dimethyl esters

! DBE isamixture of the dimethy! esters of adipic (10-25%), glutaric (55-75%), and succinic (19-26%)
acids. There are also traces of methanol, water, and <10 ppm of hydrogen cyanide.
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2.1. Mdting Point

Vdue

Decompogtion:

Sublimation:
Method:
GLP:
Rdidhility:

Reference:

2.2. Bailing Point

Vdue

Decompogtion:

Pressure;
Method:
GLP:
Rdidhility:

Reference:

2.3. Density

Vdue
Temperature:
Method:
GLP:
Reidhility:

Reference

2.4. Vapor Pressure

Vdue
Temperature:
Decomposition:
Method:

GLP:
Rdighility:

Reference:

of adipic acid, succinic acid, and
glutaric acid.

2. Physical-Chemical Properties

~-20°C
No Data
No Data
No Data
No Data
Not assignable because limited study
information was available
Dupont Co (2001). Materia Safety Data
Sheet FE000011

196-225°C
No Data
760 mm Hg
No Data
No Data
Not assignable because limited study
information was available.
Dupont Co (2001). Materia Safety Data
Sheet FEO00011

1.092

20°C

No Data

No Data

Not assignable because limited study
information was avalable

Dupont Co (2001). Materia Safety Data
Sheet FEO00011

0.2 mmHg

20°C

No Data

No Data

No Data

Not assignable because limited study
information was available

Dupont Co. (2001). Materid Safety Data
Sheet FEO00011
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2.5. Partition Coefficient (log K ow)

Vdue
Temperature:
Decomposition:
Method:

GLP:
Reidhility:

Reference

0.19 (measured)

25°C

No Data

No Data

No Data

Not assignable because limited study
information was avalable.

[UCLID (2000). IUCLID Dataset. European
Chemicads Bureau, European Commission.
Datashest for dibasic esters, 2/18/00
[Subsequently referenced as IUCLID
(2000)]

Additional Referencesfor Partition Coefficient

0.37 @ 25°C (cdculated using CLOGP version 3.42). IUCLID

(2000)

2.6. Water Solubility

Vadue
Temperature:
PH/Pka:
Method:
GLP:
Reiability:

Reference:

5.3 wt% in water

20°

No Data

No Data

No Data

Not assignable because limited study
information was available

Dupont Co (2001). Materia Safety Data
Sheet FEO00011

Additional Referencesfor Water Solubility

121-131 g/L @ 25°C. IUCLID (2000)

3. Environmental Fate

3.1. Photodegradation

Degradation:
Rate Constant:
Sengtizer:
Method:

GLP:

Ca. 50% after 24.8 days

4.32 x 101 em®imolecule/sec

OH

Cdculated usng ATMOSPHERIC
OXIDATION PROGRAM (AOP), version
1.51 Syracuse Research Corporation.

No Data



Rdichility:

Reference

3.2. Stability in Water

Concentration:
Hdf-life

Percent Hydrolyzed:

Method:
GLP:
Rdidhility:
Reference:

3.3. Trangport (Fugacity)

Media
Digtributions.
Adsorption:
Coefficient:
Voldility:
Method:
GLP.
Reference:
Rdighility:

3.4. Biodegradation

Type:
Vdue
Method:

GLP:
Test Substance:

Reaults

Rdichility:

Not assignable because limited sudy
information was available
IUCLID (2000)

No Data
No Data
No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data
No Data

Shake Flask Method

Hdf-life ranged from 2.5 to 3.2 days

DBE was subjected to microbial biodegradation
tegting using the sheke-flask method. Themicrobid
inoculum was a combination of materids from three
sources. Wilmington, Delaware secondary sewage
trestment plant, filtrate from 300 g of forest sl
and inoculum from continualy mixed microbid
culture maintained in abiologicd digester. These
inocula were combined in proportions of 4:2:1,
respectively.

No

99% tota dibasic esters (DBE)

The half-life for the high concentration of DBE (10 mg

C/L) was 2.5 days while at the low DBE concentration (5
mg C/L), the hdf-life was 3.2 days. In both cases, 36% of
the theoretica cumulative percent CO, was respired by the
mixed microbia sysem. The study included two externa
positive controls Proxel® and linear akyl sulphonates
(LAS) which showed less degradation in comparable
system compared to DBE.

Moderate (scientificadly defensble or
guideline method, non-GLP)
4



Reference: Dupont Co. (1982). Unpublished Data,
Haskell Laboratory Report No. 698-82.

Additional Referencesfor Biodegradation:

IUCLID (2000)

3.5. Bioconcentration

Vdue No Data
Method:

GLP:

Reference:

Reidhility:

4. Ecotoxicity

4.1. Acute Toxicity to Fish

Type: 96-h LCso

Species. Pimephal es promel as (Fathead Minnow)
Vdue >18 ppm (v/v) and <24 ppm (V/V)
Method: DBE toxicity to fathead minnows was

evduated usng dl-glass exposure chambers
with 10 liters of water and 10 fish per
chamber under static conditions. Exposures
were monitored for temperature, pH,
dissolved oxygen and other water quality
parameters. The system was maintained as
16 hrs. light/ 8 hrs. dark photoperiod without
aeration. Exposure levels were reported as
nomina. Mortdity counts and observations

every 24 hours.

GLP: No

Rdighility: Moderate (Scientificaly defensible or
guiddline method, nomina concentrations,
non GLP).

Reference: Dupont Co. (1982). Unpublished Data,

Haskell Laboratory Report No. 282-82.
Additional Referencesfor Acute Toxicity to Fish:

96-hr LCsp 50-100 ppm (Brachydanio rerio). IUCLID (2000)

4.2. Acute Toxicity to Invertebrates
Type: 48-h ECso Study
Guiddine EPA. (1987). User’s Guide: procedures
for conducting Daphnia magna toxicity
bioassays. EPA/600/8-87/011.

5



Species.
Vdue
Method:

GLP:
Reallts

Rdichility:

Reference

Type:
Species.
Vdue
Method:

Daphnia magna (Water Fleq).

48-h ECs is 136 ppm DBE (DME)
Daphnia were exposed to DBE (DME) for
48 hours under static conditionsin replicate
glass chambers with 250 ml volume with
exposure concentrations ranging from O to
300 ppm. Test material was DME (lot #
192002) and additiond data can be found in
Lab Book # 4355288. Exposures were
monitored for temperature, pH, dissolved
oxygen and other water quality parameters.
The system was maintained a 20°C and 24
hours light. Exposure levels were measured
a initiation and a 48 hours.

Yes

48-h ECs is 136 ppm DBE (DME), based
on non-linear interpolation of the data. The
test materiad data on nomind and measured
concentrations of DME in solution is
provided in the Table below (Table 4.2(a)).
All measured concentrations exceeded
nomina vauesfor dl exposure levels.
Environmental and water quaity parameters
were within acceptable ranges e.g., pH (6.8
—8.5) and D.O.=>4.0 ppm.

Table4.2(a)
Test Solution (mg/L) Measured concentration of
DBE (DME) (mg/L)

300 335.6
250 268.3
200 198.9
150 178.6
100 04.5

0 <5.0

High (Sdentificaly defensble or guideine
method, measured concentrations, GLP).
Monsanto. (1992). Determination of acute
toxicity of mixed dimethyl esters (DME) to
Daphnia magna. MO-92-9961.

48-h ECsg

Daphnia magna (Water Fleq).

>112 ppm (v/v) and <150 ppm (V/V)
Daphniawere exposed to DBE under dtatic
conditionsin replicate glass chambers with
250 ml volume for 48 hours. Exposures
were monitored for temperature, pH,

6




GLP:
Rdighility:

Reference:

Type:
Species
Vdue
Method:
GLP:
Rdiahility:
Reference:

5. Mammalian Toxicity

5.1. Acute Toxicity

Type:
Guiddine:
Specied/dran:
Sex:

Vdue
Method:
GLP:
Rdighility:

Reference:

Type:
Guideline;

SpeciesStrain:

Vdue
Method:

dissolved oxygen and other water quality
parameters. The system was maintained as
16 hrs. light/ 8 hrs. dark photoperiod without
aeration. Exposure levels were reported as
nomind.

No

Moderate (Scientificaly defensble or
guideline method, nomind concentrations,
non GLP).

Dupont Co. (1982). Unpublished Data,
Haskell Laboratory Report No. 308-82.

4.3. Acute Toxicity to Aquatic Plants

No Data
No Data
No Data
No Data
No Data
No Data
No Data

AcuteOral LD50

EPA (40 CFR) 798.1175
Rats/Crl:CD®

Made

LD50 (rats) = 8191 mg/kg

No Data

No Data

Moderate (Scientificaly defensible or
guideline method, non GLP)

Dupont Co. (1981). Unpublished Data,
Haskell Laboratory Report No. 646-81.

Oral LDsgg

EPA (40 CFR) 798.1175
Rats/Crl:CD®(CD)BR

> 500 mg/kg b. wt. and < 5000 mg/kg b. wit.
DBE was administered asingle dose viaord
gavage a two dose levels (500 and 5000
mg/kg b.wt.) with a 14 day observation
period. Test materid was administered as
received. 5 femaes and 5 maes were used
for each dose level. Necropsies were

7



GLP;
Test Substance:

Reaults

Rdiability:

Reference:

Remarks:

performed on animals that died and that
survived to 14 days post-administration.
Yes

99.5% tota dibasic esters (DBE, DME)
(12% DMA, 62% DMG, and 26% DMYS)
At 500 and 5,000 mg/kg b. wt. mortality
rates were 0/10 and 8/10, respectively. The
mortdities occurred in the first two days. In
the 500 mg/kg trestment leve the only
abnormality was decreased food
consumption and feca volume for one of ten
animason days 2 and 3. In the 5,000 mg/kg
treatment group observations included:
ydlow-cervicad staining; decreased activity
and lethargy, hunched appearance and
labored breathing. Surviving animals
showed no abnormalities and necropsies of
dead animals revealed discoloration in the
lungs (edemain oneindividud). Other
observaionsin sngle animas were
reddened pancreas and yellow fluid in the
somach.

High (Scientificaly defensble or guiddine
method, GLP)

Bio/dynamicsInc. (1992). Acute Ord
Toxicity in Rats (DME, Dimethyl Edter).
Submitted to Monsanto Company Reference
Numbers. 92-6316, BD-92-242, October 22,
1992.

This study was designed as one in a series of
four acute studies conducted with each of
four different dibasic eter test materids
DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Acute Oral Toxicity:

ALD? (rat) = 11,000 mg/kg (Dupont Co, 1965).
ALD (rat) = 17,000 mg/kg (Dupont Co, 1978).

Dupont Co. (1965). Unpublished Data, Haskell Laboratory Report

No. 88-65.

Dupont Co. (1978). Unpublished Data, Haskell Laboratory Report

No. 219-78.

Dupont Co. (1981). Unpublished Data, Haskell Laboratory Report

No. 646-81.

DBE isnot a Class B poison under Dept. of Trans. Regulations

2 Approximate L ethal Dose



Dupont Co. (1977). Unpublished Data, Haskell Laboratory Report
No. 686-77.

A method was developed for measuring the effects of toxicants on
visua function. The method employed visud evoked potentids
(VEPS) dicited with patterned and flashed visud simuli as
messures of the effects of toxicants on visud function. DBE when
administered oraly by gavage at doses of 20, 200, or 2000 mg/kg
faled to dter the pattern of VEPs of rats. A smilar response was
seen in rats administered DBE by inhdation and by nasd drops
with and without a carboxylesterase inhibitor.

Boyes, W.K., and H.K. Hudndll (1993). U.S. EPA Report dated
12-21-93 (C-2592).

Type: Dermal LD50

Guiddine: EPA (40 CFR) 798.1100

Species/Strain New Zedand White Rabbits

Vdue > 5000 mg/kg b. wt.

Method: DBE was administered a single dose applied

directly to the skin over a12 x 14 cm area
approximating 10% of the body surface.
Contact with excess materid was
maintained for 24 hours and animals were
observed for 14 days after initiation of dose.
A totd of 5femaesand 5 maleswere used
for thisstudy. Test materid was
administered as recelved. Study was
designed asonein a series of four acute
studies conducted with each of four different
dibasic ester test materids. DBE (mixture),
DMA, DMG, and DMS.

GLP: Yes

Test Substance: 99.5% total esters (DME) (12% DMA, 62%
DMG, and 26% DMS)

Reaults, All animds survived after derma trestment

at 5,000 mg/kg b. wt. Animas gained
weight during 7 days post-treatment, but all
animas logt weight or remained stable from
day 7 to 14 post-trestment. All animaswere
free of systemic toxicity throughout the
study and no abnormalities were observed
during post-mortem macroscopic
observaion. However, one anima exhibited
fecd staining (days 2 and 3), and one anima
exhibited reddening at the site of
gpplication.

Rdidhility: High (Scentificaly defengble or guiddine
method, GLP)



Reference:

Remarks:

Bio/dynamics Inc. (1992). Acute Dermd
Toxicity in Rabbits (DME, Dimethyl Egter).
Submitted to Monsanto Company Reference
Numbers. 92-6317, BD-92-242, October 22,
1992.

This study was designed as one in a series of
four acute studies conducted with each of

four different dibasic eter test materids:

DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Acute Dermal Toxicity:

LD50 (rabbits) = > 2250 mg/kg. b.wt.

Dupont Co. (1981). Unpublished Data, Haskell Laboratory Report

No. 634-81.

L D50 (rabbits) = >5000 mg/kg bwt. 1UCLID (2000)

DBE did not produce desths in rabbits at doses up to 3400 mg/kg.
No toxic or pathologic signs were observed.

Dupont Co. (1965). Unpublished Data, Haskell Laboratory Report

No. 88-65.

Type:
Specieddrain:
Vdue
Method:

GLP
Test Substance:

Reaults

Inhalation 4-hour L C50
Rats/Crl:CD®(CD)BR

4-hour LCH50 (rat) => 11 mg/L.

Groups of five mae and five femderats
were exposed nose-only for asingle 4-hour
period to aerosol/vapor mixtures of DBE in
ar. Possble ocular effects were evaluated in
one group of four mae rats exposed whole-
body. Indirect ophthalmoscopy was used at
30 minutes and a 1 day following exposure.
Animas were observed for clinica Sgns
during a 14-d observation period.

No

99% total dibasic esters (DBE, DME) (17%
DMA, 66% DMG, and 16.5% DMYS)

No deaths occurred following exposure to
DBE at concentrations as high as 11 mg/L,
the highest concentration tested. Clinical
sgns of toxicity noted either during or
immediately after exposureto DME
concentrations of 5.6 mg/L or grester
included red ocular or nasal discharges,
lethargy, |abored breething, or hunched
posture. One day after exposure, rats
exhibited dight to severe weight loss and
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some rats had red nasd, ocular, or ora
discharges, wet, yellow-gtaned perineum,
and hunched posture. With the exception of
sporadic, dight to moderate weight lossesin
some rats during the first or second weeks of
the recovery period, dl clinical sgnswere
transent and had resolved by study day four.
Ophthamologic examinations reveded only
mild chemosis (swelling or edema) in the
bulbar conjunctiva of the rats from the 5.6

mg/L of DBE .

Rdidhility: Moderate (Scientifically defengible or
guiddine method, non-GLP).

Reference: Dupont Co. (1990). Unpublished Data,
Haskell Laboratory Report No. 453-90.

Remarks: This study was designed as one in a series of

four acute studies conducted with each of
four different dibasic ester test materids,
DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Acute lnhalation Studies:

4-hour ALC3 (rat) = 4.1 mg/L (Dupont Co, 1977)
4-hour ALC (rat) = 4.5 mg/L (Dupont Co 1978)
4-hour ALC (rat) = 6.1 mg/L (Dupont Co, 1965)

In these sudies, clinica sgns of toxicity during exposure included
labored respiration, eyeirritation, and ared-tinged nasd discharge.
The rats recovered within two days after exposure.

Dupont Co. (1977). Unpublished Data, Haskell Laboratory Report
No. 535-77.

Dupont Co. (1978). Unpublished Data, Haskell Laboratory Report
No. 471-78.

Dupont Co. (1965). Unpublished Data, Haskell Laboratory Report
No. 88-65.

1-hour LC50 (rat) = > 10.7 mg/L. No deaths occurred in a group of
10 rats exposed for one hour to 10.7 mg/L of an aerosol of DBE.
The mass medium diameter of the aerosol was 5.4 mm. No signs of
toxicity were observed.

Dupont Co. (1980). Unpublished Data, Haskell Laboratory Report
No. 436-80.

Dupont Co. (1990). Unpublished Data, Haskell Laboratory Report
No. 453-90.

Eye Irritation and Ocular effects:

3 Approximate Lethal Concentration
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Mild Occular irritation was observed one hour post-exposure
following afour-hour inhalation exposure to 15 or 60 ppm of DBE.
No Changesin Anterior Chamber Depth (ADC) were observed.

Dupont Co. (1992). Unpublished Data, Haskell Laboratory Report
No. 362-92.

Inhal ation exposure at 60 ppm for up to one hour failed to dter
visud evoked potentias (VEPS) inrats.

Boyes, W.K., and H.K. Hudndll (1993). U.S. EPA Report dated
12-21-93 (C-2592).

Olfectory Effects.

Lee K.P. et al. (1992a). The Toxicologist, 21(1):398 (Abstract
1571).

Lee, K.P. et al. (1992b). Toxicol. Pathal., 20(3, Part 1):376-393.
Morris, JB. et d. (1991) Toxicol. Appl. Pharmacol., 108(3):538-
546.

Type: Primary Dermal Irritation

Guiddine: EPA (40 CFR) 798.4470

Species/Strain New Zedand White Rabbits

Vdue Average Dermd Irritation Score (ADIS)
was 0.0

Method: DME (DBE) was adminigtered to Sx

animas (3 femde/3 mde) asasingle dose
gpplied directly to two 1 x 1 inch areas of
skin on the back and held in place with
semi-occlugve dressings for 4 hours.
Animals were observed for subsequent 3
days and treated areas were observed at 30
minutes and 24, 48, and 72 hours. Test
material was administered as received.

GLP. Yes

Test Substance: 99.5% totd dibasic esters (DBE, DME)
(12% DMA, 62% DMG, and 26% DMYS)

Reallts: The ADIS for DME is 0.0. No irritation was

observed with the exception of “bardy
perceptible’” erythemain one of two treated
areasin one anima at 0.5 hours after
remova. This materia would probably not
be consdered to produce dermd irritation as
defined in EPA Guiddines.

Rdiahility: High (Sdentificaly defensble or guiddine
method, GLP).
Reference: Bio/dynamicsInc. (1992). Primary Dermal

Irritation Study in Rabbits (DME, Dimethyl
Ester). Submitted to Monsanto Company
12



Reference Numbers: 92-6318, BD-92-242,
October 22, 1992.

Remarks: This study was designed as one in a series of
four acute studies conducted with each of
four different dibasic ester test materids
DBE (mixture), DMA, DMG, and DMS.

Additional Referencesfor Dermal Irritation:

Pure DBE (100%) and a 10% emulsion in water were tested on the
skin of male and femae guinea pigs. During the primary irritation
phase, no dermd irritation was observed. DBE did not produce
ddayed hypersengtivity or alergic reactions (Dupont Co, 1989a).
DBE was evauated for acute skin irritation in three mae and three
female rabbits. One rabbit exhibited mild erythema by 24 hours
following trestment. Two rabbits exhibited moderate erythema
within 48 hours of treatment and one of these had dight edema. By
72 hours, one rabhbit exhibited severe erythemawith fissuring of
the skin and dight edema. No moderate to mild erythema and no
edema were observed in the other five rabbits a 72 hours after
treatment (Dupont Co, 1989b).

Dupont Co. (19894). Unpublished Data, Haskell Laboratory Report
No. 71-89.

Dupont Co. (1989b). Unpublished Data, Haskell Laboratory
Report No. 77-89.

To determine if derma exposure to DBE could cause eyeirritation
or other ocular effects, agroup of four rabbits was dermaly
administered 50 ml (20 mg/kg) of DBE. No DBE-rdlated
abnormalities were observed in the cornea, lens, or retina by
indirect ophthalmoscopy. A dight, but not satisticaly significant,
increase in the anterior chamber depth (ACD) in the eye (3-6%)
was observed. No changes in corned thickness were observed. In
an attempt to reproduce this effect on ACD, two other groups of
four rabbits were dermaly administered 200 ml (80 mg/kg) of
DBE. No changesin ACD were noted in one study, while a
minimal (2.3%) increase was noted in the other (Dupont Co,
1992).

Dupont Co. (1992). Unpublished Data, Haskell Laboratory Report
No. 362-92.

IUCLID (2000)

DBE isnot a Class B poison under Dept. of Trans. Regulations
when tested by the skin absorption route.
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Dupont Co. (1977). Unpublished Data, Haskell Laboratory Report

No. 834-77.

Dupont Co. (1978). Unpublished Data, Haskell Laboratory Report

No. 127-78.
Type:
Guiddine

Species/Strain
Vdue

Method:

GLP;
Test Substance:

Reaults

Rdiability:

Reference:

Remarks:

Eyelrritation
EPA (40 CFR) 798.4500

New Zedland White Rabbits

DME (DBE) produced mild to moderate,
trangent ocular irritation.

A dngle ocular adminigtration of DBE (0.1
ml) was gpplied to 3 mae and 3 femde
adult rabbits followed by observations at 1,
24,48, 72 hoursand 7 and 10 days. The
observation period continued up to 10 days
or until no sgns of irritation were present.
The corneg, irisand conjunctivae were
observed and lesions were graded. Test
material was administered as received.

Yes

99.5% total esters (DBE) (12% DMA, 62%
DMG, and 26% DMYS)

DBE produced mild to moderate, transent
ocular irritation. This materid would be
congdered to produce eye irritation as
defined in the EPA Guiddines. All six
animas exhibited dight to moderate
irritation of the conjunctivae (redness,
chemoss, and discharge) and three exhibited
iridid changes. Three animds exhibited
dight changesin opacity or ulceration of the
cornea. One animal had no positive scores
throughout the study, four of Sx animals
were clear of irritation within 48 hours, and
the remaining animal was clear by 7 days.
High (Scentificaly defengble or guiddine
method, GLP).

Bio/dynamics Inc. (1992). Primary Eye
Irritation Study in Rabbits (DME, Dimethyl
Egter). Submitted to Monsanto Company
Reference Numbers: 92-6319, BD-92-242,
October 22, 1992.

This sudy was designed as onein a series of
four acute studies conducted with each of
four different dibasic eter test materids:
DBE (mixture), DMA, DMG, and DMS.

14



Additional Referencesfor Acute Eyelrritation:

Indtillation of 0.1 ml of DBE into the eyes of rabbits produced
minima conjunctivd irritation. Prompt washing reduced the
degree of irritation. All trested eyes had returned to normal 24
hours after treatment.

Dupont Co. (19744&). Unpublished Data, Haskell Laboratory Report
No. 108-74.

Indtillation of 0.1 ml of a 1% agueous DBE solution into a rabbit
eye produced alocaized area of dight corned opacity and
trangent conjunctivd irritation. The trested eyes were normd three
days after.

Dupont Co. (1974b). Unpublished Data, Haskell Laboratory
Report No. 483-74.

Indtillation of 0.1 ml of DBE into the eyes of rabbits produced mild
to dight clouding of the cornea, which became dight in eight days.
Immediate washing decreased the clouding.

Dupont Co. (1980). Unpublished Data, Haskell Laboratory Report
No. 858-80.

A crude sample of DBE containing 21% methanol produced severe
cornedl opacity, moderate irititis, and severe conjunctival irritation
in rabbits. The injury did not appear to be reversible and washing
with tap water or a 25% propylene glycol solution did not
sgnificantly reduce the injury. This materid is not typicad of the
DBE used as an industrid solvent.

Dupont Co. (1978). Unpublished Data, Haskell Laboratory Report
No. 120-78.

DBE (10 ml) was indilled into the rabhbit eye. Mild cornedl opacity
was observed in 2/4 of the rabbits. This opacity cleared in one
rabbit by two days after treatment. No changes in the anterior
chamber depth were found.

Dupont Co. (1992). Unpublished Data, Haskell Laboratory Report
No. 362-92.

Imsol R (an ICl equivdent of DBE) wasindtilled into the eyes of
groups of three rabbits at 0.01, 0.03, and 0.1-ml. Moderate initid
pain was noted in dl the rabbits administered 0.01 ml and evidence
of corned anesthesia was seen in two rabhbits, which persisted for
up to 1 hour after treatment. All the rabbits showed conjunctiva
effects, ranging from dight redness to moderate redness and ocular
discharge, perssting up to eight days after treatment. Cornedl or
iridal effects were not seen in 2/3 rabbits, but the third showed
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dight to moderate corneal opacity between days 3 and 8, reaching
amaximum on days 4-5. Significant corned swelling (44%) was
observed in this rabbit with the maximum response on day one.
Corned swelling and corned surfaceirregularity perasted in this
rabbit up to day eight. Moderate initid pain and corned anesthesa
was again evident in the rabbits administered 0.03 ml, which was
of agmilar duration as seen in the 0.01 ml group. Conjunctiva
effects of dight to moderate redness, dight chemaosis, and dight to
severe discharge were observed, with the highest response on day
three and full regression by day seven. Evidence of corned opacity
was apparent until day seven, with dight iritis from day two to day
gx. Significant corned swelling (25% ) was observed on day two,
agan accompanying sgns of cornedl surface irregularity. In the
group administered 0.1 ml, asimilar pattern of pain reaction, and
cornedl anesthesiawas noted. Conjunctiva effects (dight to
moderate redness, dight chemos's, and dight to moderate
discharge) perssted up to day 10. Slight to moderate cornesl
opacity covering up to the entire area of the cornea occurred up to
day sx, with the maximum response on days 3-4. Significant
cornedl swelling (53%) was seen on day two. All indications of
ocular irritancy had regressed by day 10.

ICl, Ltd. (1991). Central Toxicology Laboratory, Report
CTL/T/2750 (J-8948).

5.2. Repeated Dose Toxicity

Type: Oral Gavage

Species/Strain Sprague-Ddey (CD) rats

Sex/Number 10/sex/dose

Exposure

Period: One month

Frequency

of Treatment: Daily, seven days per week.

Levds 0, 100, 300, and 1,000 mg/kg/day
Method: Groups of 10 animas/sex/dose were dosed

daily for one month viaora gavage a 0,
100, 300, and 1,000 mg/kg/day. Thetest
materid DBE (DME) (mixture of 12%
DMA, 62% DMG, and 26% DMS; 99.5%
total esters) was administered in corn oil
with corn oil control. Concentrations were
verified usng gas-liquid chromatography.
Water and food were available ad libidum.
In-life observations included: mortaity and
other signs of toxicity, body weight, and
food consumption. Clinical observations
included: body weights, food consumption,
and dinopathologica measurements. Al
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GLP.
Test Substance:

Reaults

Rdiability:

Reference:

Type:
Species.
Vdue
Method:

GLP:
Test Substance:

Reaults

animaswere necropsied at test termination
and tissues were retained.

Yes

DBE (DME) (99.5% total dibasic esters)
(mixture of 12% DMA, 62% DMG, and
26% DMS)

Andyticad confirmation of dose solutions
showed from 0.0 to 8.0% below target
concentrations. Relative to control animas
there were no sgnificant differences
observed in treated group mean body
weights or cumulative body weight gains, no
unscheduled mortdities, no trestment
related results from opthamoscopic
examination, no treetment-related changes
in food consumption, clinical Sgns, or gross
or microscopic pathology. The one
exceptionisasmal decreasein urinepH in
males (non sgnificant) and femae a 1,000
mg/kg/day dose level. The authors Sated
this could have been due to excretion of test
materid, but there was no evidence on any
direct or indirect effect on the urinary
system. The 1,000 mg/kg/day dose leve
was considered an NOAEL.

High because scientificaly defensible or
guiddine, and GLP

Monsanto. (1992). One-Month Gavage
Study of DME (Dimethyl Esters) in Sprague
Dawley Rats. Report # MSL-12509

90-d Inhalation Study
Rats/Crl:CD®(CD)BR
No No-Effect Leve
Groups of 10 mae and 10 femae rats were
exposed six hours aday, five days aweek,
for approximately 14 weeks to DBE vapor
concentrations of 160 or 400 mg/nT or to
1000 mg/nT of a DBE aerosol-vapor
mixture.
Yes
99.5% total esters (DBE) (16.5% DMA,
66.6% DMG, 16.9%).
Histopathological evauation of nasdl tissues
showed degeneration of the olfactory
epithdium in dl DBE-exposed groups. The
effect was minima in the 160 mg/nT group
and of mild to moderate severity in the 400
and 1000 mg/n™ groups. Other than the
nasal lesons, histopathologica examination
showed no deleterious effectsin DBE-
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Rdichility:

References:

Type
Species/Strain:
Sex/Number:
Route of
Adminigration:
Exposure
Period:
Frequency

Of treatment:

Exposure levels.

Type:
Species.
Vdue

Method:

GLP;
Test Substance:

Results

exposed rats at any tested concentration.
Other effects of DBE exposure included
dose-dependent decreased liver/body weight
ratiosin male and femde ratsin the 400 and
1000 mg/nt groups, and dightly increased
lung/body weight ratios and dightly
depressed body weightsin mae and femade
ratsin the 2000 mg/n? group. A no-effect
exposure concentration was not
demonstrated.

High (Scentificaly defensble or guiddine
method, GLP)

Dupont Co. (1986). Unpublished Data,
Haskell Laboratory Report No. 194-86.
Kelly, D.P. et d. (1986). The Toxicologid,
6(1):136 (Abstract 551).

90-day Inhalation
Ratg Crl:CD®(SD)IGSBR
40 mde and 40 femd e/treatment levd

inhdation
13 wk

6 hours/day, 5 days'wk
20,76, or 390 mg/nT of DBE.

90-d Inhalation Study
Rats/Crl:CD®(CD)BR

NOEC = 20 mg/nT in maesrats relaive to
changesin the olfactory mucosa

Ten rats per group were sacrificed after
approximately seven weeks of exposure, and
20 rats per group were sacrificed after
approximately 13 weeks of exposure. The
remaining 10 ratsin each group were
sacrificed after arecovery period of Six
weeks. Gross necropsy and nasal
histopathologica examinations were
conducted on dl control and DBE-exposed
rats.

Yes

99.5% totd esters (DBE) (16.5% DMA,
66.6% DMG, 16.9% DMYS)

Degeneration of the olfactory epithelium
was observed in mae and femde rats that
were exposed to 76 or 390 mg/nT of DBE
for saven weeks. After 13 weeks of
exposure, there was degeneration of the
olfactory epithdium in femderasin dl
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expaosure groups and in male rats exposed to
76 or 390 mg/nT. At the end of the 6-week
recovery period, DBE exposure-related
effects were il visble in affected groups,
and histologicad changes were compatible
with repair of the olfactory mucosa. During
the exposure period, clinica sgnsin DBE-
exposed rats were smilar to those of the
controls. However, female rats exposed to
390 mg/nT of DBE had dightly depressed
rates of weight gain compared to controls
during the exposure period. During the
recovery period the weight-gain rate of these
rats was smilar to those of the controls. At
the end of the exposure period, absolute
liver weights in femade rats exposed to 390
mg/nt were decreased compared to those of
the controls. This effect was not present in
rats at the end of the recovery period. In the
absence of corroborative histopathological
findings, the biologica sgnificance of this
effect isnot known. A dight decreasein
serum sodium concentration was observed
in male and female rats exposed to 76 or 390
mg/nT of DBE for 13 weeks. After the six-
week recovery period, sodium
concentrations in the 390 mg/nT group
remained dightly low, but the sodium
concentrations in the other affected groups
were no longer different from those of the
control group. The dightly decreased
sodium concentrations were considered to
be of minima biologicd sgnificance. A no-
effect exposure concentration of 20 mg/n™
was demondtrated in mae rats for the
olfactory epithelial degeneration observed.

A no-effect concentration was not
demondtrated in femaerats.

Rdighility: High (Scentificaly defensble or Guiddine,
GLP)
References: Dupont Co. (1987). Unpublished Data,

Haskell Laboratory Report No. 312-87.
Keenan, C.M. et a. (1988). The
Toxicologis, 9(1):284 (Abstract 23).
Keenan, C.M. et al. (1990). Fundam. Appl.
Toxical., 15(2):381-393.

Additional Referencesfor Repeated Dose | nhalation:

Groups of 10 rats were exposed six hours a day, five days a week,
for two weeksto 0.1, 0.3, or 0.9 mg/L of DBE. The exposed rats
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were indigtinguishable from controlsin terms of growth and
histopathological examination.

Dupont Co. (1981). Unpublished Data, Haskell Laboratory Report

No. 244-81.

Dupont Co. (1981). Unpublished Data, Haskell Laboratory Report

No. 815-81.

Morris, J.B. et a. (1991) Toxical. Appl. Pharmacol., 108(3):538-

546.

5.3. Developmental Toxicity

Type:
Species/Strain:
Sex/Number:
Route of
Adminigration:
Exposure
Period:
Frequency

of Treatment:
Vdue

Method:

GLP;
Test Substance:

Reaults

Teratogenicity
Rats/Crl:CD®(SD)BR
24 fema e (pregnant)

Inhaation
Days 7-16 of gestation

Six hourg/day.
NOECs for the dam and fetus are 160 and
1000 mg/n, respectively.
Groups of 24 pregnant rats were exposed Six
hours aday, on days 7 - 16 of gestation to
160, 400, or 1000 mg/nT of DBE.
Yes
99.5% total esters (DBE) (16.8% DMA,
65.1% DMG, 17.8% DMYS)
Materna body weight gains were
sgnificantly reduced during the period of
adminigtration (days 7 - 16) of DBE at 400
and 1000 mg/n*; the reduction on days 9-11
was adso sgnificant. Maternd feed
consumption was significantly reduced a
the same exposure levels during the first Six
days of DBE exposure (days 7-9, 9-11, and
11-13). Clinical observations related to
trestment (increased staining of the
periocular, perinasa, and head fur, and wet
fur) were sgnificant only at 1000 mg/m3
and were not severe. No other evidence of
maternd toxicity was seen. No effects on
fetd survivd, feta weight, litter Sze, or
nidations were seen. The incidence of fetd
malformations and variations showed no
exposure-related changes. Since maternd
toxicity was demongtrated at 400 mg/m3 and
fetd toxicity was absent e the highest
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Rdiahility:

References;

exposure level, 1000 mg/m3, the NOEL for
the dam and fetus are 160 and 1000 mg/n?,
respectively (Dupont Co, 1987¢; Kelly et d.,
1986).

High (Scentifically defensble or guiddine,
GLP)

Dupont Co. (1987). Unpublished Data,
Haskell Laboratory Report No. 562-87.
Kelly, D.P. et d. (1986). The Toxicologig,
6(1):136 (Abstract 551).

5.4. Reproductive Toxicity

Type:
Species/Strain
Sex/Number
Exposure
Period:
Frequency

of Treatment:
Method:

GLP:
Test Substance:

Reaults

Rdiability:

Repeated | nhalation (14 week)
Rats/Crl:CD®(SD)BR
20 pairs (mde and femde)

14 weeks

Dally, five days per week.

Groups of 20 mae and 20 femae rats were
mated after exposure for Sx hours aday,
five days aweek, for about 14 weeksto
DBE vapor concentrations of 160 or 400
mg/nT, or to 1000 mg/nt of aDBE
aerosol/vapor mixture. DBE exposure
continued during breeding (15 days),
gestation (21 days), and lactation (21 days)
periods. DBE exposures were discontinued
for the dams after the 19th gestation day and
begun again on day four postpartum.
Offspring were not subjected to DBE
exposure.

Yes

99.5% total esters (DBE) (16.8% DMA,
65.1% DMG, 17.8% DMYS).

The only DBE exposure-related effect was
depressed pup weights in the 1000 mg/nt
exposure group from days 1-21 postpartum.
No exposure-related differences were
observed between control and test groupsin
the following reproduction parameters. mae
and femde fertility indices, born-dive
index, viability index, gestation index, and
lactation index. A gross pathologica
examination of 21-day old rats whose
parents had been exposed to DBE showed
no exposure-related effects.

High (Scentificaly defensible or guideline,
GLP)
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References:

Dupont Co. (1987). Unpublished Data,
Haskell Laboratory Report No. 76-87.
Kelly, D.P. et d. (1986). The Toxicologigt,
6(1):136 (Abstract 551).

Additional Referencesfor Repeated Dose | nhalation: Not

5.5. Genetic Toxicity

Type:
Tedter Strains,

Exogenous
Metabaolic
Activetion;

Exposure
Concentrations;

Methods:

GLP:
Test Substance:

Reallts
Rdiahility:

Reference:

found

In vitro Bacterial Reverse Mutation Test
Salmonella typhimurium strains TA98 and
TA100, and TM677

Rat liver (S-9) fractionfemaerat olfactory
mucosa activation

Maximum of 8,53 mg DBE/trestment (1.7
mg/ml) in Reverse Suspenson Assay//
maximum of 100 pg DBE/trestment (0.9
mg/ml) Microforward Suspension Assay
DBE was tested for mutagenic activity in
Salmonella typhimurium strains TA98 and
TA100 in the presence and absence of arat-
liver activation system using a supension
assay, and in amicroforward mutation assay
in strain TM677 in the presence of femde
rat olfactory mucosa activation.

Yes

99.5% total esters (DBE) (15.9% DMA,
68.9% DMG, 14.9% DMYS).

Negative.

High (Saentifically defensble or guiddine,
GLP)

Dupont Co. (1987). Unpublished Data,
Haskell Laboratory Report No. 584-87.
Vlachos, D.A. et d. (1988). Environ. Mal.
Mutagen., 11 (Suppl. 11):109.

Additional Referencesfor in vitro Bacterial Rever se M utation

Test:

DBE was not mutagenic in the Ames Salmonella tedt, either in the
presence or absence of an S-9 activation system.

Dupont Co. (1977). Unpublished Data, Haskell Laboratory Report

No. 396-77.

Dupont Co. (1980). Unpublished Data, Haskell Laboratory Report

No. 462-80.
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Type:

Cdl Type
Exposure
Concentrations:

Methods:

GLP:
Test materid:
Reaults

In vitro Chromosome Aberration Study
Human lymphocytes

> 0.3% v/v (3.3 mg/ml, based on
approximate average molecular weight of
components).

DBE was evduated for in vitro clastogenic
(chromosome damaging) activity in human
lymphocytes with and without metabolic S-9
activation. Additional work was undertaken
to eucidate the accuracy of these findings.
Based on these results, it was suspected that
the positive in vitro findingswith DBE
resulted from an acidic culture environment
produced by this chemical under activated
conditions. Therefore, experiments were
undertaken to more thoroughly evauate the
pH changes induced by DBE under activated
conditions and the apparent sex- specific
response.

Yes

99.5% total esters (DBE)

As demondtrated by cell-cycle delay and/or
reduced mitotic index, cytotoxicity was
observed at DBE concentrations, > 0.3% v/iv
(3.3 mg/ml, based on approximate average
molecular weight of components).
Chromosome aberration analyses following
non-activated treatments showed no
datidicaly sgnificant increasesin the
percent abnormd cellsin cultures treated
with DBE. Under activated conditions,
however, datidticadly sgnificant increasesin
Structural chromosome aberrations were
reproducibly observed at DBE
concentrations, > 0.3% v/v. These
aberrations were predominant in cdls from
femae (but not male) donors. Under the
conditions of this assay, DBE is clastogenic.

In the above study, measurements of pH
were made with culture medium pooled
from mae and femde cultures following the
completion of the three-hour treatment
period. In the presence of S9, acidic
conditions were observed a concentrations
of 3.3 and 4.4 mg/ml. In contrast, the pH of
the culture medium from non-activated 4.4
and 6.6 mg/ml trestments were Smilar to
control.
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Rdichility:

References;

Remarks.

High (Scentificaly defensble or guiddine
method, GLP).

Dupont Co. (1987). Unpublished Data,
Haskell Laboratory Report No. 531-87.
Vlachos, D.A. et a. (1988). Environ. Mal.
Mutagen., 11 (Suppl. 11):109.

Under activated conditions only, DBE
causes reductionsin the pH of culture
medium. This was demondirated in two
independent assessments, where
concentrations of DBE similar to those
inducing positive results were eva uated.
Thedrop in pH occurs quickly following the
addition of DBE, and the resulting pH isin
the range that has been reported to induce
clastogenic effects with activation.

Theinduction of chromaosome aberrations
by DBE was quite variable based on the
number of postive and negative results thet
have been produced with activation. The
variability is believed to be attributable, in
part, to the severe toxicity that this chemica
induces.

Additional Referencesfor in vitro Chromosome Aberration

Study:

Type:
Guiddine

Specied/dran:
Sex/Number:
Route of
Adminigration:
Exposure
Concentrations.
Exposure
Duration:
Method:

None found

In vivo Rat Erythrocyte Micronuleus Test
US EPA (1998). Health Effects Test
Guidelines. OPPTS 870.5395
Mice/Crl:CD®(ICR)BR

4 mae and 4 femae mice per trestment level

Inhaation (nose only)
5.5, 11, or 19 mg DBE/L

Six hours/one exposure

DBE was tested for its ability to induce
micronucle in the bone-marrow
polychromatic erythrocytes of male and
femae mice. The mice were exposed nose-
only to atmospheres of 5.5, 11, or 19 mg/L
of DBE aerosol in air for 6 hours. Bone-
marrow smears were prepared
approximatdly 24, 48, and 72 hours after the
beginning of exposure, and 1000
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polychromeatic erythrocytes per mouse were
scored for the presence of micronucle.

GLP: Yes
Test Substance: 99.5% total esters (DBE)
Reaults. Significant depression in the ratio of young,

polychromeatic erythrocytes to mature,
normochromeatic erythrocytes was detected
inthe 11 and 19 mg/L treated femdes a the
24-hour sampling as compared to their
concurrent negative controls. No satiticaly
sgnificant increases in the frequency of
micronuclested cdlls were seen in the DBE-
trested mice a any sampling time. Under the
conditions of this assay, DBE does not

induce micronucle.

Rdiahility: High (Scientifically defensble or guiddine,
GLP)

References: Dupont Co. (1987). Unpublished Data,

Haskell Laboratory Report No. 498-87.
Vlachos, D.A. et d. (1988). Environ. Mal.
Mutagen., 11 (Suppl. 11):109.

6.0 Other Information

6.1 Biochemical/M etabolism Studies

Hepatic mitochondria were used as amodel for nasal tissue. DBEs were
found to inhibit mitochondriad ATP synthesis 11 to 27% at 100 uM. The
order of potency was DMA > DMG > DMS and paralleled the Viyax/Km
vauesfor the hydrolysis of the DBEs to their monomethyl esters. Pre-
trestment of the rats with 100 mg/kg of bis-nitrophenyl phosphete for three
days decreased the rate of hydrolysis of the DBEs approximately 50% and
protected the mitochondria from DBE-induced inhibition of ATP
gynthesis. These results support the hypothesis that DBE-induced
cytotoxicity results from esterase-mediated hydrolysis to acid metabolites
and interference with intermediary metabolism (Bogdanffy and
Londergan, 1989).

In the study cited above, DBE cytotoxicity was shown to be due to
esterase-mediated activation. In this present study, the putative toxic
monomethyl and diacid metabolites were evaluated in an in vitro nasa
explant system. Monomethyl adipate (MMA), glutarate (MMG), and
succinate (MMS) induced increases in nasal explant acid phosphatase
release, a biochemical index of ther cytotoxicity. Metabolism of MMA
and MMG to their diacids paralleled cytotoxicity. MM S metabolism was
not quantifiable. Pretreatment of rats with a carboxylesterase inhibitor
reduced cytotoxicity and metabolism of MMA and MMG, but not
cytotoxicity of MMS. It is concluded that both monomethyl ester and
diacid metabalites of DBE are cytotoxic. The contribution of each to
cytotoxicity in vivo may depend on their rate of formation during exposure
(Bogdanffy et d., 1991a; Trelaand Bogdanffy, 1991b).
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The kinetic parameters Vimax, Km, Kg, and V/K were measured for the
hydrolysis of the dibasic estersin the target nasd tissue, olfactory mucosa,
and non-target tissue, respiratory mucosa. It was determined under the
conditions of these experiments, diacid metabolites were not formed.
Esterase activity wasinhibited by pretreatment with bis-nitrophenyl
phosphate. V max values for the three dibasic esters were 5- to 13-fold
greater in olfactory mucosa than respiratory mucosa for male and femae
rats. V /K values were 4- to 11-fold gregter in olfactory mucosathan
respiratory mucosafor mae and femaerats. V/K was smilar between
male and femal e olfactory mucosawhen DMG was used as the subgirate.
With DMS or DMA asthe subgtrate, V/K for female olfactory tissue was
0.5- or 2-fold that of males, repectively. Differencesin V/K were mainly
due to decreases in Ky, associated with increasing carbon chain length.
Subdtrate inhibition was observed at DBE concentrations greater than
goproximately 25 mM, which are unlikely to be achieved in vivo. These
results lend further support to the hypothesis that organic acid
accumulation in the target tissue, olfactory mucosa, plays asignificant role
in the pathogeness of DBE-induced nasal lesions (Bogdanffy et d.,
1991b).

Since female rats appear to be more sengtive to DBE-induced olfactory
toxicity than males, it was of interest to measure the rate of hydrolysis of
DBEsin mde and femae nasd mucosa homogenates and compare these
vaues to those derived from human nasd tissue obtained at autopsy. For
both mae and femde rats, Vimax/Km vaues followed the order DMA >
DMG > DMS pardleling carbon chain length. The Vinax/Kn vauesfor
female olfactory mucosa usng DMA or DMS as substrates were two
times or one-haf the values for male olfactory mucosa, respectively.
Hydrolyss of DBEs was detectable in only three of Sx human samples.
Activity vaues that were measurable were two or three orders of
magnitude lower than that of rat respiratory or olfactory mucosa,
respectively. These data suggest the rate of conversion of DBESto acid
metabolites in nasdl tissueis less ggnificant in humans then in rats, and
that the rat may be more sendtive than man to the effects of DBES on
nasal mucosa (Kee et al., 1989).

The enzymétic esterase activity of carboxylesterasesisintegrd to the nasd
toxicity of many esters, including DMG, DMS, and DMA.. Inhdation of
these esters specificaly damages the olfactory mucosa of rodents. In this
sudy, the locdlization differentid ditribution of a59 KD carboxylesterase
was demonstrated in the nasal tissues of the rat by immunochemistry
.Rabbit antiserum against the 59 KD rat liver microsomd carboxylesterase
bound most prominently to the olfactory mucosawhen gpplied to
decdcified, paraffin-embedded sections of rat nasa turbinates. Within the
olfactory mucosa, anti- carboxylesterase did not bind to sensory neurons,
the target cdll for ester-initiated toxicity; these cdlls apparently lack
carboxylesterase. Instead, the antibody was preferentially bound by cells
of Bowman's glands and sustentacular epithdia cellsthat are immediately
adjacent to the olfactory nerve cdlls. In contrast, non-olfactory tissues
(respiratory mucosa and squamous epithelium) which are more resgtant to
the toxicity of esters, had less carboxylesterase content (Olson et dl.,
1993).
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Anin vitro sysem was utilized to determine if DBE toxicity is dependent
on metabolic activation by carboxylesterase. Explants from the olfactory
and respiratory regions of therat nasa cavity were incubated in amedium
containing 10-100 mM of the dimethyl esters of adipic-, glutaric-, and
succinic acids. DBE caused a dose-rdated increase in nasa explant acid
phosphatase release, a biochemica index of cytotoxicity. A pardld
increase in carboxylesterase- mediated monomethyl ester (MME)
formation was seen. In addition, MME concentrations and acid
phosphatase release were generdly higher in olfactory than respiratory
tissues. DME-induced cytotoxicity and MME formation were markedly
reduced in nasdl tissue excised from rats treated with a carboxylesterase
inhibitor, bisnitrophenyl phosphate (Trela and Bogdanffy, 1990; 19914).

The kinetic congtants were determined for carboxylesterase-mediated
hydrolyss of DBEs and correlated with leson formation. No diacid
metabolites were found. V max vaues for the formation of MMS, MMG,
and MMA were gpproximately 8- to 10-times larger in olfactory mucosa
than in respiratory mucosa V/K values for the formation of MMG and
MMA were gpproximately 9- and 10-times larger in olfactory mucosa than
respiratory mucosa. For the formation of MMS, V/K was approximately 2
times larger in respiratory mucosa than olfactory mucosa (Patterson et d.,
1988).

To determine the biochemical mechanism for the toxic effect of DBE on
rat nasal olfactory mucosa, an in vitro study was conducted with rat and
human nasdl tissue. This study demongtrated that the nasal tissue toxicity
of DBE isrdaed to enzymétic hydrolyss of DBE within the nasd cavity
to form the corresponding monomethyl ester. Additiondly, it was found
that human nasal tissue hydrolyzes DBE at 1/100 to 1/1000 the rate of rat
nasal tissue. For thisreason, the nasd tissue of humansislikely to be at
greatly reduced risk of DBE toxicity compared to rats (Bogdanffy and
Frame, 1994).

References: Bogdanffy, M. S. and T. Londergan (1989). The
Toxicologigt, 9(1):249 (Abstract 996).

Bogdanffy, M. S. et a. (1991a). The Toxicologis,
11(1):182 (Abstract 664).

Bogdanffy, M. S. et d. (1991b). Drug Metab. Dispos. Biol.

Fate Chem., 19(1):124-129.

Bogdanffy, M. S. and S. R. Frame (1994).
Inhaation Toxicology, 6(Supplement):205-:
(N1OSH/00224297) (as cited in Dupont Co.
(1995). AEL Documentation, October 4..

Kee, C. R. et a. (1989). The Toxicologis, 9(1):284
(Abstract 1139).

Olson, M. J. et al. (1993). J. Histochem. Cytochem.,
41(2):307-311(BI0SIS/93/13203).
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